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DESCRIPTION 

COMPOSITIONS AND METHOD fop M Q DULAT , nN1 nF ncvc 
EXPRESSION IN PLANTS 

e ir b Tf ,,Method for the producti ° n ° f ... - 

uTsN 0^00726* St3r ; f C ° Syi tranSfCraSC n,Cd °" S ~ 2 ' '«« as 
US.S.N. 08/300 726; and 2) a Provisional app.ication by Zwick e, al. cntit.ed 

Composmon and method for modification of fatty acid saturation profile in plants' fitd 

10 Z . J" ' 1995 * M U S S N 6 ° /00M35 - B ° th ° f ^licals in h " 
10 mcludmg drawmgs, are hereby incorporated by reference here.n. * 

Background nf the Invention 

The present invention concerns compositions and methods for the modulation of 
gene express.cn in plants, specifically using enzymatic nucleic acid molecule! 

15 ™ ef0l,0 ^S* a ^^ 

2z™:zr^ be comp,ete Md is provided «* * r* * 

mvennon that follows. Th,s summary is not an admission that any of the work described 
below is prior art to the claimed invention. 

There are a variety of strategies for modulating eene e xn^««« • , 
» Traditionally, anttsense ^ (revj4wtd „ Bourq ^ ^ ™ ^ 

suppress,.. « in Jo^n. IMS Sc^e 2 6t , 68C-.9,, , Ppreac J ' v Ttl 

55 Applicant believes that ribozymc technology offers an 

25 attracttve new means to alter gene expression in plants. 

Naturally occurring mqselBe rn a wm f discovered „ ^ 
•go (Simons ano Kleckner, ,983 « H .83-6,,,. „ is Utought t. ^c Zy „ ^ 
^'^>«<*eMen.e,pressi„n<Gr^^ 

CW/ 36. 1007-1015). There are many examples in the literature for the use of anmense 
W -**» «™ «P— ™ Pi™, Following are a few exampL 
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Shewmaker etai. U.S. Patent Nos. 5,107.065 and 5. 453.566 disclose methods for 
regulating gene expression in plants using antisense RNA. 

It has been shown that an antisense gene expressed in plants can act as a dominant 
suppressor gene. Transgenic potato plants have been produced which express RNA 
> antisense to potato or cassava granule bound starch synthase (GBSS). In both of these 
cases, transgenic plants have been constructed which have reduced or no CiliSS aci.vuy „ r 
protem. These transgenic plants give rise to potatoes containing starch with dramatically 
reduced amylose levels (Visser et al. 1991, Mol. Gen. Genet. 225- 2889-296 
Salehuzzaman et al. 1 993. Plant Mol. Biol. 23 : 947-962). 

Kull et al, 1995, J. Genet. & Breed. 49, 69-76 reported inhibition of amylose 
biosynthesis ,n tubers from transgenic potato lines mediated by the expression of 
annsense sequences of the gene for granule-bound starch synthase (GBSS) The authors 

JTcr D r M ndiCated 3 10 SM ^ ^ ^ 3Ctivity ° f rib02 y mes ag'inst «te 

CjjBSS RNA. 

Antisense RNA constructs targeted against A-9 desaturase enzyme in canola have 
been shown to increase the level of stearic acid (CI 8:0) from 2% to 40% (Knutzon et al 
1992 Proc. Natl. Acad Sci. 89, 2624). There was no decrease in total oil content or 
germmaoon efficiency in one of the high stearate lines. Several recent reviews a* 
available which illustrate the utility of plants with modified oil composition (Ohlrogge j 
B. 1994 Plant Physiol. .04, 821; Kinney, A. J. 1994 Curr. Dpi, Cell Biol. 5, 144; oibson 
et al. 1994 Plant Cell Envir. 1 7, 627). 

Homologous transgene inactivation was first documented in plants as an unexpected 
result of inserting a transgene in the sense orientation and finding that both the gene and 
the transgene were down-regulated (Napoli et al., 1990 Plant Cell 2: 279-289) There 
appears to be at least two mechanisms for inactivation of homologous genetic sequences 
One appears to be transcriptional inactivation via methylation, where duplicated DNA 
regions signal endogenous mechanisms for gene silencing. This approach of gene 
modulation involves either the introduction of multiple copies of transgenes or 
transformation of plants with transgenes with homology to the gene of interest (Ronchi et 
a. ,995 EMBOJ. ,4: 53,8-5328). The other mechanism of co-suppression is pos!- 
transcnpnonal, where the combined levels of expression from both the gene and the 
transgene is thought to produce high levels of transcript which triggers threshold-induced 
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degradation of both messages (van Bokland et al., 1994 Plant J. 6: 861-877) The exact 
molecular basis for co-suppression is unknown. 

Utrfommately, bo.h amisense and co-suppression technologies ut subject to 

j TlZl 7"'*, °?' " esired (FinM8in "* McEiroy ,9 ' 4 

» 12 883-888). Currently, there is no eaay way ,o specifically inactiva.o a gene or .merest 
at the DNA level in pi™ (Pazkowski „ |988 £mQ , ^ ( rraosnoson 

nT^cific " ineffiCiH " ' "'• Whi " ChemiC! " """"""^ 

Applicant belies tha, ribozymes present an atoactive alternative and becauae of 
' ft.tr cattiync mecbants. of action, have advances over cotnpedng tecWog* 
However, there have been difficulties in demonstrating the effectiveness of ribozynaTut' 

7.5 Wl, Ku., « d ,995 7. Omm. & M 49: 69-76). Although there are repona in 
the huraur. of rtb^ynte activity i„ plmo almos , „ of ^ P ^ 
rcgulanon of exogemrcsly introduced genes, such as reporrer genea in transient Msays 

KTll Tfoo ^nrirens.rfesZ 
3. 253-263: Pemnaan «r „/.. 1995,*oc Mot ^ Sea KM. 92,6165). 

2257 2rr-t ti p, "" ic "' ons • , -* - d Hay ' y - Cm - "« n. 

2257.2264, *** «< Intern,*,,*! PCT fMcrton No. TO WMt Xuna, 
^tT. " W mdDNA - * R - P - **- - J- 0- h-t, PP 

H0S404.Uk*, eaL . ,995,y Gen. VirC. 76, I78M790; Crubererea. J994 , Ce* 
^•SuppL ISA.HOpC^andFey^ero/.. ,996.^ Om. tL£l.£. 
338). that propose using overhead ribozymea to modulate: virus Miction 
expre*,™ of vim, genes and/or reporter genea. N« of thea, pub | icalions „' ™' 
of nbozymes to modulate the expression of plant genes. 

£ 11, 1525- 530; Pemman « «/., 1995, /Voc. M,,/. Acad. Sci. USA., 92, 6,75-6,79- 
Wegener etal. 1994, Mo/, <fe Genet. 245, 465-470; and Steinecke « «/ ,994 ^ 
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Bennett and Cullimore, 1992 Nucleic Acids Res. 20, 831-837 demonstrate 
hammerhead nbozyme-mediated in vitro cleavage of glna. glnb. gl„ g and glnd RNA 
coding for glutamine synthetase enzyme in Phaseolus vulgaris. 

Hitz et ai, (WO 91/1 8985) describe a method for usmg the soybean A-9 desat-.rase 
5 enzyme to modify plant o.l composition. The application desenbes the use of soybean 
A-9 desaturase sequence to isolate A-9 desaturasc genes from other species. 

. The references cited above are distinct from the presently claimed invention since 
they do not disclose and/or contemplate the use of ribozymes in maize. Furthermore 
Apphcant believes that the references do not disclose and/or enable the use of ribozymes 
10 to down regulate genes in plant cells, let alone plants. 

Summary Of Th* Invent;™ 

The invention features modulation of gene expression in plants specifically using 
enzymattc nucleic acid molecules. Preferably, the gene is an endogenous gene The 
enzymanc nucleic acid molecule with RNA cleaving activity may be in the form of but 
not hm,ted to, a hammerhead, hairpin, hepatitis delta virus, group I intron, group II 
mtron , RNaseP RNA, Neurospora VS RNA and the like. The enzymatic nucleic acid 
molecute with RNA cleaving activity may be encoded as a monomer or a mu.timer 
preferably a mummer. The nucleic acids encoding for the enzymatic nucleic acid molecule' 
wtth RNA cleaving activity may be operably linked to an open reading frame. Gene 
express™ many plant species may be modified by transformation of the plant with the 
nucle,c ac.d encoding the enzymatic nucleic acid molecules with RNA cleaving activity 
There are also numerous technologies for transforming a plant: such technologies include 
but are not hmited to transformation with Agrobacterium. bombarding with DNA coated 
m.croprojectiles, whiskers, or electroporation. Any target gene may be modified with the 
nucle.cac.ds encoding the enzymatic nucleic acid molecules with RNA cleaving activity 
Two targets which are exemplified herein are delta 9 desaturase and granule bound starch 
synthase (GBSS). 

Until the discovery of the inventions herein, nucleic acid-based reagents, such as 
enzymanc nucleic acids (ribozymes), had yet to be demonstrated to modulate and/or 
.nh.b.t gene expression in plants such as monocot plants (e.g.. corn,. Ribozvmes can be 
used to modulate a specific trait of a plant cell, for example, by modula.mg the activity of 
an enzyme mvolved in a biochemical pathway. I. m ay be desirable, in some instances to 
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decrease the level of expression of a particular gene, rather than shutting down expression 
completely: ribozymes can be used to achieve this. Enzymatic nucleic acid-based 
techniques were developed herein to allow directed modulation of gene expression to 
generate plant cells, plant tissues or plants with altered phenotype. 

Ribozymes (/.*., enzymatic nucleic acids) arc nucleic acid molecules having an 
enzymatic activity which is able to repeatedly cleave other separate UNA molecules in a 
nucleotide base sequence-specific manner. Such enzymatic RNA molecules can be 
targeted to virtually any RNA transcript, and efficient cleavage has been achieved /„ vitro 
and in vivo (Zaug et al., 1986, Nature 324, 429; Kim et a!., 1987, Proc. Natl Acad. Sci 
USA 84, 8788; Dreyfiis, 1988, Einstein Quarterly J. Bio. Med., 6, 92; Hascloff and 
Gerlach, 1988, Nature 334 585; Cech, MS, JAMA 260, 3030; Murphy and Cech 1989 
Proc. Natl. Acad Sci. USA., 86, 9218; Jefferies et al., 1989, Nucleic Acids Research 17 
1371). 

Because of their sequence-specificity, rraw-cleaving ribozymes may be used as 
effiaent tools to modulate gene expression in a variety of organisms including plants 
animals and humans (Bennett et al., supra; Edington et al., supra; Usman & McSwiggen' 
1995 Ann. Rep. Med. Chem. 30, 285-294; Christoffersen and Marr, l995J.Med Chem 
38, 2023-2037). Ribozymes can be designed to cleave specific RNA targets within the 
background of cellular RNA. Such a cleavage event renders the mRNA non-functional and 
abrogates protein expression from that RNA. In this manner, synthesis of a protein 
associated with a particular phenotype and/or disease state can be selectively inhibited. 

Other features and advantages of the invention will be apparent from the following 
description of the preferred embodiments thereof, and from the claims. 

Brief Description of the Fip nr^ 

25 Figure I is a diagrammatic representation of the hammerhead ribozyme domain 

known m the art. Stem II can be a 2 base-pairs long. Each N is any nucleotide and each • 
represents a base pair. 

Figure 2a is a diagrammatic representation of the hammerhead ribozyme domain 
known in the art; Figure 2b is a diagrammatic representation of the hammerhead ribozyme 
as divided by Uhlenbeck (1987, Nature, 327, 596-600) into a substrate and enzyme 
portion; Figure 2c is a similar diagram showing the hammerhead divided by Haseloff and 
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Gerlach (1988. Nature, 334, 585-591) into two portions; and Figure 2d is a similar 
diagram showing the hammerhead divided by Jeffries and Symons (1989, Nuci. Acids. 
Res., 17, 1371-1371) into two portions. 

Figure 3 is a diagrammatic representation of the general structure of a hairpin 
i ribozyme. Helix 2 (H2) is provided with a least 4 base pairs (i.e.. n is 1,2,3 or 4) and 
helix 5 can be optionally provided of length 2 or more bases (preferably 3 - 20 bases / c 
m is from 1 - 20 or more). Helix 2 and helix 5 may be covalcntly linked by one or more 
bases («.e.. r is * 1 base). Helix 1, 4 or 5 may also be extended by 2 or more base pairs 
(eg., 4 . 20 base pairs) to stabilize the ribozyme structure, and preferably is a protein 
binding site. In each instance, each N and N' independently is any normal or modified 
base and each dash represents a potential base-pairing interaction. These nucleotides may 
be modified at the sugar, base or phosphate. Complete base-pairing is not required in the 
helices, but is preferred. Helix 1 and 4 can be of any size (i.e.. o and p is each 
independently from 0 to any number, e.g.. 20) as long as some base-pairing is maintained 
Essential bases are shown as specific bases in the structure, but those in the art will 
recognize that one or more may be modified chemically (abasic, base, sugar and/or 
phosphate modifications) or replaced with another base without significant effect Helix 
4 can be formed from two separate molecules, i.e.. without a connecting loop The 
connecting loop when present may be a ribonucleotide with or without modifications to 
.ts base, sugar or phosphate, -q- is * 2 bases. The connecting loop can also be replaced 
with a non-nucleotide linker molecule. H refers to bases A, U, or C. Y refers to 
pyrimidine bases. " " refers to a covalent bond. 

Figure 4 is a representation of the general structure of the hepatitis A virus 
ribozyme domain known in the art. 

Figure 5 is a representation of the general structure of the self-cleaving VS RNA 
ribozyme domain. 

Figure 6 is a schematic representation of an RNaseH accessibility assay 
Specifically, the left side of Figure 6 is a diagram of complementary DNA 
oligonucleotides bound to accessible sites on the target RNA. Complementary DNA 
oligonucleotides are represented by broad lines labeled A, B, and C Target RNA is 
represented by the thin, twisted line. The right side of Figure 6 is a schematic of a gel 
separation of uncut target RNA from a cleaved target RNA. Detection of target RNA is 
by autoradiography of body-labeled, T7 transcript. The bands common to each lane 
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. 72Z " arg " RNA; ,he bands unique ,o - ~ - «■«- 

Figure 7 is a graphical representation of RNaseH accessibility of GBSS RNA. 

Figure 8 is a graphical representation of GBSS RNA cloav,„c h„ , k 
5 different temperatures. 6 by "*»''*>«:* »< 

ribo^T ' " ' ^ ""^^ « ° BSS RNA — * * «*. 
^ Figure ,0 lists the nucleotide seouence of « desaturasc cDNA .solatcd front ». 

Figure 15 shows cleavage of 4-9 teansraae RNA by ribozyntes * ** 10/in 

complex with the target (see Fi* 3) M m V u • base-paired helix I 

"ere caned out for 120 min«26«C. The cleavage reacnona 

.•JlT * *** ° f ara -' enph Vari " i0 " « *• acaivity of HH and HP 

2ST«tT ' 10 " 0 - »" are esrennaliy as described Lef" ^HH 
nbozyme. 6/6, 6/», 6/12 represents varyiiu helix 1 l-m, .„.. H 

different, targeting various sites within A-9 desaturase RNA. 
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Figures 20 and 21 show ,„ W,ro cleavage of A-9 desaturase RNA bv ribozymes that 
are transcnbed from DNA templates using bacteriophage T7 RNA „ lym ^*« 

Figure 22 diagrammatic representation of a non-limiting strategy to const™, a 
transcnpt comprising multiple ribozyme motifs that are the same or 
5 various sites within GBSS RNA. d,ffcrC,U lar « c,in 8 

. _ _ i ' "uniarg eteo against three hammerhead ribozvme sites «o 

and 271 and one hairpin ribozyme site 238 (HP\ ?<o m , ' 259 

hairpin ribozyme site 259 (HP). ' d 3 13 and one 

Figure 25 illustrates GBSS mRNA levek in p;k«^ 
IS m d r\\ j * • » m R,boz y"i e minus Controls (C F I J 

H£ Q) and Acve Rlbozyme ^ TraMfonMnts (AA DD ^ pp fl < C ^ 

«siss rrr,rr ?/ N ~ med 

20 Figure 27 illustrates A9 desaturase mRxi a l i • ,., 

fmn\ 8«m< u- u c acs *™™* mRNA levels in Non-transformed plants 

(NTO), 85-15 High Stearate Plants (01, 06, 07 10 11 121 a „H »< .« v . 

Plants (02, 05, 09, 14). ' u/ ' ,u « n - I2 )- ^ 85-15 Normal Stearate 

1 13 oil"" ^ pT* 8 " dCS3tUraSC mRNA ,evC,S in Non-transformed plants (NTY) 
1 13-06 Inactive Ribozyme Plants (02, 04, 07, 10,1 1). 

^ LineHarr 292 ^ 29 ^^ (a) 
Line Hdl, plants a-enontransformed and ribozyme inactive line RPAin ,7 
(b) Ribozyme active line RPA85-I5, plants 1-15. Rp A»3-17. plants 1-6. 

Figure 30 illustrates stearic acid in leaves of RPA85-06 plants. 

Figure 31 illustrates stearic acid in leaves of RPars i < i 
30 assays. RPA85-15 plants, results of three 
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Figure 32 illustrates stearic acid in leaves of RPA1 13-06 plants. 
Figure 33 illustrates stearic acid in leaves of RPA 1 1 3- 1 7 plants. 
Figure 34 illustrates stearic acid in leaves of control plants. 

s <^o?jr ,es iat * cmK m ri pianB from a ^ — «- 

. Km. 36 hM 49 desarurase levels in ne„ general maize leaves (RI) 
mdicales those plants that showed a high siearaie content. 

OoJ£?i»JTZ T " "*»» > culture 

(J06/430-OI2) transformed with anrisense 49 desaturase. 

(JUo/430-0 1 5) transformed with antisense A9 desaturase. 

eu. r^r r ? "f*"' ,MVK *" re ~ a 

eurrure (Jt)»/«rM)12) transformed with anrisense 49 desarurase. 

15 mJT " T" " , *~ C00 ' e,M " ' sing,e keTOl ° f — *»- «N line 
15 (Q806 and antisense line 308/425- 1 2.2. 1 . 

IRPaX^ 1 'llTT GBSS ^ " SiD8le kCmds 0f a sou *- -ptive line 
(RPA63-0306) and Southern positive line RPA63-021 8. 

Figure 42 illustrates a transforation vector that can be used to express the 
enzymauc nucleic acid of the present invention. P 
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Detailed Descript ion Of The Invent,,™ 

The present invention concerns compositions and methods for the modulation of 
gene express.cn in plant, specifically using enzymatic nucleic acid molecules 

The following ph ra c~ a H tenns are dftfinw< h<>Ut „. 

By "inhibit" or "modulate" is mean, that the activity of enzymes such as GBSS and 

rjr~ °; of mRNAs cncoded by thesc genes is redu « d «s 

:n the absence of an enzymatic nucleic acid and preferably is below that level observed in 
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the presence of an inactive RNA molecule able to bind to the same site on the mRNA, but 
unable to cleave that RNA. 

By "enzymatic nucleic acid molecule" it is meant a nucleic acid molecule which has 
complementarity in a substrate binding region to a specified gene target, and also has an 
5 enzymatic activity which is active to specifically cleave that target. Thai is. the 
enzymatic nucleic acid molecule is able to intcrmolccularly cleave RNA (or DNA) and 
thereby inactivate a target RNA molecule. This complementarity functions to allow 
sufficient hybridization of the enzymatic nucleic acid molecule to the target RNA to allow 
the cleavage to occur. One hundred percent complementarity is preferred, but 
complementarity as low as 50-75% may also be useful in this invention. The nucleic 
acids may be modified at the base, sugar, and/or phosphate groups. The term enzymatic 
nucleic acid is used interchangeably with phrases such as ribozymes, catalytic RNA, 
enzymatic RNA, catalytic DNA, nucleozyme, DNAzyme, RNA enzyme, RNAzyme, 
polyribozymes, molecular scissors, self-splicing RNA, self-cleaving RNA, cis-cleaving 
15 RNA, autolytic RNA, endoribonuclease, minizyme, leadzyme or DNA enzyme. All of 
these terminologies describe nucleic acid molecules with enzymatic activity. The term 
encompasses enzymatic RNA molecule which include one or more ribonucleotides and 
may include a majority of other types of nucleotides or abasic moieties, as described 
below. 

20 By "complementarity" is meant a nucleic acid that can form hydrogen bond(s) with 

other RNA sequences by either traditional Watson-Crick or other non-traditional types 
(for example. Hoogsteen type) of base-paired interactions. 

By "vectors" is meant any nucleic acid- and/or viral-based technique used to deliver 
and/or express a desired nucleic acid. 

25 By "gene" is meant a nucleic acid that encodes an RNA. 

By "plant gene" is meant a gene encoded by a plant. 

By "endogenous" gene is meant a gene normally found in a plant cell in its natural 
location in the genome. 

By "foreign" or "heterologous" gene is meant a gene not normally found in the host 
30 plant cell, but that is introduced by standard gene transfer techniques. 
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By "nucleic acid" is meant a molecule which can be single-stranded or double- 
stranded, composed of nucleotides containing a sugar, a phosphate and either a purine or 
pyrimidine base which may be same or different, and may be modif.ed or unmodified. 

By "genome" is meant genetic material contained in each cell of an organism and/or a 

5 virus. 

By "mRNA" is meant RNA that can be translated into protein by a cell. 

By "cDNA" is meant DNA that is complementary to and derived fro.n a mRNA. 

By "dsDNA" is meant a double stranded cDNA. 

By "sense" RNA is meant RNA transcript that comprises the mRNA sequence. 
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By "antisense RNA" is meant an RNA transcript that comprises sequences 
complementary to all or part of a target RNA and/or mRNA and that blocks the 
expression of a target gene by interfering with the processing, transport and/or translation 
of its primary transcript and/or mRNA. The complementarity may exist with any part 
of the target RNA, i.e., at the 5' non-coding sequence, 3' non-coding sequence, introns, or 
15 the coding sequence. Antisense RNA is normally a mirror image of the sense RNA. 

By "expression", as used herein, is meant the transcription and stable accumulation 
of the enzymatic nucleic acid molecules, mRNA and/or the antisense RNA inside a plant 
cell. Expression of genes involves transcription of the gene and translation of the mRNA 
into precursor or mature proteins. 

20 By "cosuppression" is meant the expression of a foreign gene, which has 

substantial homology to an gene, and in a plant cell causes the reduction in activity of the 
foreign and/or the endogenous protein product. 

By "altered levels" is meant the level of production of a gene product in a transgenic 
organism is different from that of a normal or non-transgenic organism. 

25 By "promoter" is meant nucleotide sequence element within a gene which controls 

the expression of that gene. Promoter sequence provides the recognition for RNA 
polymerase and other transcription factors required for efficient transcription. Promoters 
from a variety of sources can be used efficiently in plant cells to express ribozymes. For 
example, promoters of bacterial origin, such as the octopine synthetase promoter, the 
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nopaline synthase promoter, the manopine synthetase promoter; promoters of viral 
ongin. such as the cauliflower mosaic virus (35S); plant promoters, such as the nbulose- 
1,6-b.phosphate (RUBP) carboxylase small subunit (ssu), the beta-conglycinin promoter 
the phaseolm promoter, the ADH promoter, heat-shock promoters, and tissue specific 
5 promoters. Promoter may also contain certain enhancer sequence elements that may 
improve the transcription efficiency. 

By "enhancer" is meant nucleotide sequence element which can stimulate promoter 
activity (Adh). 

By "constitutive promoter" is meant promoter element that directs continuous gene 
10 expression in all cells types and at all times (actin, ubiquitin, CaMV 35S). 

By "tissue-specific" promoter is meant promoter element responsible for gene 
express.on m specific cell or tissue types, such as the leaves or seeds (zein, oleosin 
napm, ACP). 

By "development-specific" promoter is meant promoter element responsible for 
15 gene expression at specific plant developmental stage, such as in early or late 
embryogenesis. 

By "inducible promoter" is meant promoter element which is responsible for 
expresston of genes in response to a specific signal, such as: physical stimulus (heat 
shock genes); light (RUBP carboxylase); hormone (Em); metabolites; and stress. 

By a "plant" is meant a photosynthetic organism, either eukaryotic and 
prokaryotic. 



20 



By "angiosperm" is meant a plant having its seed enclosed in an ovary (e g coffee 
tobacco, bean, pea). *" ' 

By "gymnosperm" is meant a plant having its seed exposed and not enclosed in an 
25 ovary (e.g., pine, spruce). 

By "monocotyledon" is meant a plant characterized by the presence of only one 
seed leaf (primary leaf of the embryo). For example, maize, wheat, rice and others. 

By "dicotyledon" is meant a plant producing seeds with two cotyledons (primary 
leaf of the embryo). For example, coffee, canola, peas and others. 
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By "transgenic plant" is meant a plant expressing a foreign gene. 

By "open reading frame" is meant a nucleotide sequence, without inrrona, encodinc 
an am.no and sequence, with a defined translation initiation and termination region. 

The invenrion provides a method for producmg a class of enzymatic cleaving — 
whtch exhtb,, a htgh degree of specificity for .he RNA of a desired target. The Jylic 
nucleic acid molecule may be targeted to a highly specific sequence regkm of a targe, such 
to specific gen. inhibition c» be achieved Alternatively, enzymatic nucleic acid can he 
rargeted to a htghly consented region of a ge« family to inhibit gene express™ of a 
famdy offered enzymes. The ribozymes can be expressed in plants L have 1 
transformed w,m vectors which express me nucleic acid of the present invention. 

The enzymatic nantre of a ribozyme is advantageous over other technologies aince 
*e conc.ntrar.on of ribozyme necessary ro affec, a th.rap.utic ti,.m,c„, is ^ This 
advance raters the ability of me ribozyme to acr enzymadcally. Thus, a *I 
ntazyme mo.eatle is able » cteav, m»y molecules of targe, RNA ,„ 
nbozyme ,s a highly specific ^ ^ ^ rf ^ * 

only o, the taae-patrin, of binding „ fc ' »« « 

aire of cleavage can completely eliminate caralyric acuviry of . ribozyme. 

S« basic «rieties of namrally^curring eozymuic RNAs am known prMemly 
Each can camlyze me hydro.y.ia »f MA phosphodiesBr ^ .„ " 
te. «tar RNA m.^, und* physiological conditions. Table , 
of*, characrensocs of these riKKymes. In genera,, enzymatic nucleic acids «, by rC 
btndmg m a urge, RNA. Such binding occure dvough me ta*e. binding p.™ J™ 
en*yma„c ^ «. „„ ich „ „ e|d „ close pn>x ^ « P » - » 

^ molecule that ,«s to cteave me urge. RNA. Thus, the enzymatic nucleic *id fit 

3rd, ** * RNA ""*—"» >«I «d 2 

bound to ft. cower sue. ac cnzym.tic.lly ,o cu, me targe, RNA. Soaregic cteava* Z 
such a urge, RNA wi„ d«s»oy , a abiHry „ oirect synthesjs of „ J^lT 

W ma. e RN 1 A e 7 na °H 7'" f ^ C " 1Ve<l "* RNA «■«• '« - ^ '™ 
W ^RNArosearchforanom^nugcrandcanrepeatedlyiindandclcavenewtargeB. 

acid ™, 0ne . 0f T '"T" emb0dime "° of *• *— me enzymatic nucleic 
acd molecule ,s fonned ,n a hammerhead or hairpin motif but may also be formed In Z 
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motif of a hepatitis A virus, group I intron, group II , ntron or RNaseP RNA (in 
assoc.ation with an RNA guide sequence) or Neurospora V S RNA Examoles «f « k 
hammerhead I tnotifs are described by Dreyfus, 5Upra . Ross, . a^n^LZ 
and Human Retroviruses 8, 183; of hairpin motifs by Hampel et al EP0360257 Z , 
i a„dTn tt .1989^c^ 28,4929.Fe.dstei„c/ a /.. ,9 9 1 2 3 7 
Cerlach, ,989. Cene, 8, 43, and Hampc, e, < 1990 Nucleic Z^^2 
cpauns A virus motif is described by Perrotta and Been, ,992 3 ! 6r o 

the RNaseP motif by Guerrier-Takada e, a/., 1983 Ce/7 35 849- Fn™ „ a, 

" bm i" ne ra< "' f 15 d ««*«° l>y Collins (Saville and Collins. 1990 Co// 61 «K «T 

IM3ftooWoy32.2795.27M; Goo and Colli™, 1995. BUBO. J. 14 363) GrouoH 
n^de^oyGnata.,0/.. ,995. eta. B M . 2, 7 61: MichC ^T W 
ftocW,34,2965 ; and of dre Group , in,™ oy Cech «,„., u s . p„ J^o" ' 
The* spec,,* m0 dfs are no, ^ * fte ^ Md , hose « «W I 

recogn*, !<lat „, ^ « importam in „ „fl ta ^ 
,s u», ,, Has , specific aoba^K binding site which is compl „ J™T 

the arge, gene RNA regions, and d», i, have nucleotide seauenoas Z? t °" Xm 0f 

«• - UU. eds. R. P. Endcson .1 J. G. tan, pp 209-22.. RavTprel T 
Adanserai. talem.rion.1 PCT Publication No. WO 94/00012- Lenee or a/ i— 1 , 
PCT Publican Nos. w^wrt rotJw ^ A ™ ;^"?!TT* 

^T^r* — Those skilled in ti,e an will real™ 
£m *e ■eartmgs here™ tiu, My ribozyn« can be expressed in oncotic p te cells 
Iron, an appropnare pron,o«r. The ribozy™* „ pression js P J* 

consti» J ti™p rem o«r.,tissu«.sp«. i f,cp rom o, W oran inducible pJoJ, ' 

tire nl 0 , 0 ^ ""^ m0<h "" ,i0,, • " b4lyme is — *- 

•he ptat Ahhough ex^ples are pro »idcd bdow for ,he consuuetion of ,h, ptanld. 

used . ft. nansfomuoon expen m en B illusrm^d herein, i, is we,, witi,™ ^ 
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anisan ,o design nonius different types „f ptanii(b whlch m 
transform,.™ of pi*,*,.*. Bev», ,984 . AM Ac* te . ,2, 87,1-872, wheh i 
.-corporate by refereoce. Tb.r. at. a,so numerous ways m [railsforra 
»mp,es *owemb,yog.™.mai«cu„ur.s wrehe , iumblas , ed Inadd . „ * 
5 g«K,un<US P«.„,s 4,945,050 «o Come,, aod 5,,4,,,3I DowElaoco, „„„,» 2^ 
^formod usm, ^roWmm technology. «. US Putcn. 5.(77.0,0 , u„i,.Z 
Tc^do. 5,04,3,0 ,„ Texas A&M, Eu rope.n P„.„, Applicalion 0,3,624b" Hn^ 

j,i«v,w3, 5,409,976, 5,464,763 and 4,940,838 and 4 693 97* .„ c.k.i 

. » T ^ „„„. M07M , 320500 j rr P ;urz; 7- 

Applications 604662 and 627752 to r» nan t«u „ 

- TO bo* to Caig«, and US 5,004,8o ^d 5^,55 1 

*™ «- « - «« f—, 5,02.523 aod 5,4«.7. ^ „ Ze^ 

and 5.384.253 bod, ,. Dek^, WO9209.9. a^ W0932.335 L to all of which 

apec.es. The bar gore codes to, phosphinomricm aceryl « ns ferase (PAT, Z 
_ combos of ,ecbno,ogies may be used in ending Hbo^ ^ 

The ribozymes may be expressed individually as mannm.« • 
-P- again, on. si« is expeesaed per J£ 712,' ~ 
nbozymes rargeted .gains, more tb„ or, urge, sit. sre expressed M J ^ " ~ 
A smg.e^A.r^p.compnsingmor. ^ ^ ' ™* 
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more man on. eta™,, sire are readily genercied lo achieve e ffi cjent modul „ io „ „ f 
expression Ribozymes within ihese muldnKr consm.es are ,he same or different Z 
xampl. are m „ ltim , r _ may compnse , p|uraljty rf - J 

,rpin nbozymas or orher ribozym. morifs. Ahernariveiy. ,he m u„i m . r cons.^ mav 
■ fcd.s.gn* „ mch.de a pluraliiy of diffe re „, ribozym. motifs , such „ 

hairpm nbozymas. More specific*. mulIimer rib „, yroe ^ 
whe« m . series „ f ribozyme mollfs a „ , inked .„ 

«"«pt The ribozym arc ,i„ k .d „ eKh olher by nucieonde linker ^ „h^i„ 
.he linker sequence may or may no, be complement ,o ,he urge. RNA MuwTc 
I nbozym, _ ( p olyribo2ymes) „ , o « cffc l" 7„ 

nbozyme-medUtedmodulationofgeneexpression. mciivcncss of 

The aciiviry of nbozy™ can also be augment by ,he ir Ktax ^ 

"nacnp, by . second ribozyme (Draper « „/., PCT WO 93/23569 and cm/ , 
PCT WO 94/03«< h„.fc k. ■. - ™ u "'"509. and Sullivan a a/., 

«ea.. 19, 5125-30. Ventura. M., « a/., 1993, A/bctoc A/* 21 3249-55- 
Chownrae/a/., 1994/ flio/. CAem. 269. 25856). ' 

Ribozym.-medi««l modulation of gene expression can be ponced in , „jde 
ane* of pUn* incbadin, angiosperms, gyrrmosperms. monocoryledl ^ 
dKo.yled.ns. P^ B „f inBrest inchlde „„, mmtmM ^ J^ vt £ 
tarley. matte; od-r^ductag crops, such as soybean, canol. sunflower e!Z 

coffee and*.; (huts, such as pineapple, papaya mango, bamma grapes o^l 

^flower. a^^^^Z ZZ,^^ 
celery porames, bnoecou; legumes, such « soyb«n, ben™, peas; fl owers , 

J chrysaunemum, daisy, rulip. gyp^ >ls0OT1 ^ LgohTZT^ 
nws such as obve. cork, p*,,„, ptoe; nuB , such „ ^ p ^™' ™ ' 

Fouowmg^.fewpon-Bmidn, examples *.« deaenbe d,. gen^ uulirT.ftoz™- 
in modulation of gene expression. * nbozyme. 

Ribozyme-medUted down regulanon of me expression of genes involved in eafia B . 
syndesis can be used ,0 signifies* change caffeine conceLio ^ 
Expression of genes. *,ch as T-mefcyUanrhosine and/or 3-„,.thy, nansferaj , 7n 
plan,, c» be reaiily inodulared using ribozymes tt decrease caffeine syn h^s Adf 
andZa™,*. VSP^o. 5.33,529; tocorporared by ref.encetr.il " ' 
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Transgenic tobacco plants expressing ribozymes targeted against genes involved in 
nicotine production, such as N-methylputrescine oxidase or putrescine N-methyl 
transferase (Shewmaker et al.. supra), would produce leaves with altered nicotine 
concentration. 

5 Transgenic plants expressing ribozymes targeted against genes involved in ripening 

of fruits, such as ethylene-forming enzyme, pectin mcthyltransfcrasc. pectin esterase, 
polygalacturonase, 1-aminocyclopropane carboxylic acid (ACC) synthase, ACC oxidase 
genes (Smith et al., 1988, Nature, 334, 724; Gray el at., 1992, PI. Mol. Biol. 19 69- 
Tieman et al.. 1992, Plant Cell, 4, 667; Picton et al., 1993, The Plant J. 3, 469; Shewmaker 
etal, supra; James et al., 1996. Biotechnology, 14, 56), would delay the ripening of 
fruits, such as tomato and apple. 

Transgenic plants expressing ribozymes targeted against genes involved in flower 
pigmentation, such as chalcone synthase (CHS), chalcone flavanone isomerase (CHI) 
phenylalanine ammonia lyase, or dehydroflavonol (DF) hydroxylases, DF reductase (Krol 
15 van der, et al., 1988, Nature, 333, 866; Krol van der, et al.. 1990, PI. Mol. Biol.. 14 457- 
Shewmaker et al.. supra; Jorgensen, 1996, Science, 268, 686), would produce flowers.' 
such as roses, petunia, with altered colors. 

Lignins are organic compounds essential for maintaining mechanical strength of cell 
walls in plants. Although essential, lignins have some disadvantages. They cause 

20 indigestibiliry of sillage crops and are undesirable to paper production from wood pulp 
and others. Transgenic plants expressing ribozymes targeted against genes involved in 
hgnm product.on such as, 0-methyltransfcrase, cinnamoyl-CoA:NADPH reductase or 
cmnamoyl alcohol dehydrogenase (Doorsselaere et al.. 1995, The Plant J. 8 855- 
Atanassovae/aA. 1995. The Plant J. 8. 465; Shewmaker et al.. supra; Dwivedi ' et al ' 

25 1994, PI. Mol. Biol. 26, 61), would have altered levels of lignin. 

Other useful targets for useful ribozymes are disclosed in Draper et al. 
International PCT Publication No. WO 93/23569, Sullivan et al., International PCT 
Publication No. WO 94/02595, as well as by Stinchcomb et al.. International PCT 
Publication No. WO 95/31541, and hereby incorporated by reference herein in totality. 

30 Modulation of granule bound st arch synthase pene expression in p lamc- 

In plants, starch biosynthesis occurs in both chloroplasts (short term starch 
storage) and in the amyloplast (long term starch storage). Starch granules normally 
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consist of a linear chain of a(l-4)-linked a-D-giucose units (amylose) and a branched 
form of amylose cross-linked by a(l-6) bonds (amylopectin). An enzyme involved in 
the synthesis of starch in plants is starch synthase which produces linear chains of a (I- 
4)-glucose using ADP-glucose. Two main forms of starch synthase arc found in plants: 
5 granule bound starch synthase (GBSS) and a soluble form located in the stroma of 
chloroplasts and in amyloplasts (soluble starch synthase). Both forms «,r il„s enzyme 
utilize ADP-D-glucose while the granular bound form also utilizes UDP-D-glucu.se, with 
a preference for the former. The GBSS, known as waxy protein, has a molecular mass of 
between 55 to about 70 kDa in a variety of plants in which it has been characterized. 

10 Mutations affecting the GBSS gene in several plant species has resulted in the loss of 
amylose, while the total amount of starch has remained relatively unchanged. In addition 
to a loss of GBSS activity, these mutants also contain altered, reduced levels, or no GBSS 
protein (Mac Donald and Preiss, Plant Physiol. 78: 849-852 (1985), Sano, Theor. Appl. 
Genet. 68: 467-473 (1984), Hovenkamp-Hermelink et al. Theor. Appl. Genet 75- 217- 

15 221 91987), Shure et al. Cell 35, 225-233 (1983), Echt and Schwartz Genetics 99: 275- 
284 (1981) ). The presence of a branching enzyme as well as a soluble ADP-glucose 
starch glycosyl transferase in both GBSS mutants and wild type plants indicates the 
existence of independent pathways for the formation of the branched chain polymer 
amylopectin and the straight chain polymer amylose. 



20 



25 



The Wx (waxy) locus encodes a granule bound glucosyl transferase involved in 
starch biosynthesis. Expression of this enzyme is limited to endosperm, pollen and the 
embryo sac in maize. Mutations in this locus have been termed waxy due to the 
appearance of mutant kernels, which is the phenotype resulting from an reduction in 
amylose composition in the kernels. In maize, this enzyme is transported into the 
aroyloplast of the developing endosperm where it catalyses production of amylose. Corn 
kernels are about 70% starch, of which 27% is linear amylose and 73% is amylopectin. 
Waxy is a recessive mutation in the gene encoding granule bound starch synthase (GBSS). 
Plants homozygous for this recessive mutation produce kernels that contain 100% of 
their starch in the form of amylopectin. 

30 Ribozymes, with their catalytic activity and increased site specificity (as described 

below), represent more potent and perhaps more specific inhibitory molecules than 
antisense oligonucleotides. Moreover, these ribozymes are able to inhibit GBSS activity 
and the catalytic activity of the ribozymes is required for their inhibitory effect. For 
those of ordinary skill in the art, it is clear from the examples that other ribozymes may 
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be designed that cleave target mRNAs required for GBSS activity in plant species other 
than maize. 

Thus, in a preferred embodiment, the invention features ribozvmes that inhibit 
enzymes involved in amylose production, e.g., by reducing GBSS activity These 
endogenously expressed RNA molecules contain substrate binding domains that bind u, 
access.bte regions of the target mRNA. The RNA molecules also contain domains that 
catalyze the cleavage of RNA. The RNA molecules arc preferably ribozvmcs of the 
hammerhead or hairpin motif. Upon binding, the ribozymes cleave the target mRNAs 
preventing translation and protein accumulation. In the absence of the expression of the 
target gene, amylose production is reduced or inhibited. Spcci/k examples arc provided 
below infra. 

Preferred embodiments include the ribozymes having binding arms which are 
complementary to the binding sequences in Tables IIIA, VA and VB. Examples of such 
ribozymes are shown in Tables IIIB . V. Those in the an will recognize that while such 
examples are designed to one plant's (e.g., maize) mRNA, similar ribozymes can be made 
complementary to other plant species' mRNA. By complementary is thus meant that 
the bmdmg arms enable ribozymes to interact with the target RNA in a sequence-specific 
manner to cause cleavage of a plant mRNA target. Examples of such ribozymes consist 
essentially of sequences shown in Tables IIIB • V. 

Preferred embodiments are the ribozymes and methods for their use in the 
mhibmon of starch granule bound ADP (UDP)- g lucose: a-l,4-Z>-glucan 4-a-glucosyl 
transferase «.*.. granule bound starch synthase (GBSS) activity in plants This is 
accomplished through the inhibition of genetic expression, with ribozymes. which results 
m the reduction or elimination of GBSS activity in plants. 

In another aspect of the invention, ribozymes that cleave target molecules and 
mhtbtt amylose production are expressed from transcription units inserted into the plant 
genome. Preferably, the recombinant vectors capable of stable integration into the plant 
genome and selection of transformed plant lines expressing the ribozymes are expressed 
etther by constitutive or inducible promoters in the plant cells. Once expressed the 
nbozymes cleave their target mRNAs and reduce amylose production of their host cells 
The nbozymes expressed in plant cells are under the control of a constitutive promoter a 
tissue-specific promoter or an inducible promoter. 



SUBSTITUTE SHEET (RULE 26) 



WO 97/1 0328 PCT/US96/1 1689 

20 

Modification of com starch is an important application of ribozyme technology 
which is capable of reducing specific gene expression. A high level of amylopectin is 
desirable for the wet milling process of com and there is also some evidence that high 
amylopectin com leads to increased digestibility and therefore energy availability in feed 
5 Nearly 10% of wet-milled com has the waxy phenotypc. but because of its recessive 
nature the traditional waxy varieties are very difficult for the grower .«, handle. 
Ribozymes targeted to cleave the GBSS mRNA and thus reduce GBSS activity in plants, 
and in particular, corn endosperm will act as a dominant trait and produce corn plants 
with the waxy phenorype that will be easier for the grower to handle. 

10 Modificatio n of fatty acid saturation profile in plants- 

Fatty acid biosynthesis in plant tissues is initiated in the chloroplast. Fatty acids 
are synthesized as thioesters of acyl carrier protein (ACP) by the fatty acid synthase 
complex (FAS). Fatty acids with chain lengths of 16 carbons follow one of three paths: 
1) they are released, immediately after synthesis, and transferred to glycerol 3-phosphate 

15 (G3P) by a chloroplast acyl transferase for further modification within the chloroplast; 2) 
they are released and transferred to Co-enzyme A (CoA) upon export from the plast.d by 
thioesterases; or 3) they are further elongated to C18 chain lengths. The C18 chains are 
rapidly desaturated at the C9 position by stearoyl-ACP desaturase. This is followed by 
immediate transfer of the oleic acid (18:1) group to G3P within the chloroplast. or by 

20 export from the chloroplast and conversion to oleoyl-CoA by thioesterases (Somerville 
and Browse, 1991 Science 252: 80-87). The majority of CI6 fatty acids follow the third 
pathway. 

In com seed oil the predominant triglycerides are produced in the endoplasmic 
reticulum. Most oleic acids (18:1) and some palmitic acids (16:0) are transferred to G3P 

25 from phosphatidic acids, which are then converted to diacyl glycerides and phosphatidyl 
choline. Further desaturation of the acyl chains on phosphatidyl choline by membrane 
bound desaturases takes place in the endoplasmic reticulum. Di- and tri-unsaturated 
chains are then released into the acyl-CoA pool and transferred to the C3 position of the 
glycerol backbone in diacyl glycerol in the production of triglycerides (Frentzen, 1993 in 

30 Lipid Metabolism in Plants., p. 195-230, (ed. Moore.T.S.) CRC Press, Boca Raton, FA.). 
A schematic of the plant fatty acid biosynthesis pathway is shown in Figures 1 1 and 12. 
The three predominant fatty acids in com seed oil are linoleic acid (1 8:2, -59%), oleic acid 
(18:1, -26%), and palmitic acid (16:0, -11%). These are average values and may be 
somewhat different depending on the genotype; however, composite samples of US Com 
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Belt produced oil analyzed over the Da « »,.„ , 

and ««* in.proven.en,., p.,83-336, (eds. 0> so „ Ifand F^K r A T° 
Agronomy. Inc. Madison. WI, Fuch-Haumann. 1985 J Am on n «• 

pracces M Enckson. D.R., An, Oil Chcmi, 0 S. n 

P^i»« e ofCI 8 ch a in l ^s mayro „ n , noI. ' U ™* 

e-ymcs. such as ,„. f„ ly ^ syn^l^^T '" '— 1 kc > 

chains, *. stearoyMCP desaturl t ZSJ Z TT^ " C " 
10 "."M-ndeaa.raa.forconvJio^n^I ' " " ' 8: ' " - ' 

4-9 desaturase (also called steatoyl-ACP dcsannaal „f , 
chloropusi enzyn* which uses CIS and vZjTZ ! " * SOh ' ble 
-*r protein (ACT) „ a subs„« (McwTa ,7* * 10 "* 
Ctot 257: 12141-12147) Tlul™ I PIC - '« **>'• 

5 a* ^cT-rr^ Mr* iower - 

n-icrosoma, en^es ^ Kyt ^ A chaiZsuLt^T T" ^ 

desarutwe cDNA clones ftom dicolelydenous ol» B i, t 4-9 

1 WI ItoAM Oft 344-345; Sum* 1992 «L«« ! « * """ a> " " "'- 
•I, 1991 PbmHgM 97. 45,^.. '" 2 » 362-363; Shanklin ., 

Taylor.,,., l9»Jr^^*£™ «« *< « * "--•»; 

« «. «8: 2578-2582,. Comp * "J^SSZl A ,7 ** 
suggests d»l .his is . highly "T* "f" Ranees 

— acid lava, ..Tl'S ^ « » 

axpectad from its vary different physic ZZ. , WVW ' ** mi8n ' "» 

«-» « isB heZn p ta . anoTer « ZSC?^ " ~ 
«./7ra). acsawrases (Shanklin and Somerville, 

Purification and characterization of the castor k m a 

that the A-9 desaturase is active as ^27lT« ^ ^ 

kDa. The enzyme reouires 1!, , m ° ICCU ' ar » - 41 

enzyme requires molecular oxygen Nadpu k,. m „ 

- * »r In v»Xe,*7»3 
UM 90: 2486-2490) showed tha, upon expression tar ' v' &t 
— - crawly acdve JL ~ ^ « 
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contains two identical d.ferric clusters, which in the presence of dithion.te are reduced to 
he dtferrous state. In the presence of stearoy.-CoA and 0 2 the clusters return* the 
d,femc state. This suggests that the desaturase belongs to a group of 0, activate 
proteins containing diiron-oxo clusters. Other members of this group are ribonucleotide 
> reductase and methane monooxygenase hydroxylase. Comparison of the predicted 
pnmary structure for these catalytically diverse proteins shows that all contain S1 
conserved pa.r of amino acid sequences (Asp/Glu)-Glu-Xaa-Arg-Mis separated by -80- 
100 amino acids. 7 

Traditional plant breeding programs have shown that increased stearate level, can 
be achieved I without deleterious consequences to the plant. .„ safflower (Udd and 
Know.es, 1970 Crop Sci. .0: 525-527) and in soybean (Hammond and Fehr 1984 7 
Oil CHem. Sac. 61: ,7,3-1716; Graef « al, 1985 Crop Sci. 25 « 
stearate levels have been mcreased significantly. This demonstrates the flexibility in fatty 
acid composition of seed oil. y 

M b ac . toC Tt™^ te " UraSe Mhieved * ,h « ««fo™.no n of 

TZ7 I ' ec " K from »"» W— * « «U 1W nm nm. 

T. ^ !!""?■* ' " M i * ,7i *""<'» '<>• Both scu of oogenic 

Ptaa tad s^fica,, ctang* i„ fan, « id co^^, yet wm 

identical to control plants. 7 

Con. (maze) has teen used minimally for ihe production of margarine produce 
because .. taa «dmo»lly no, taan uti««d ..a, oil crop .nd because of ma Lively 
low seed ort con.cn. when compaed wim soybean and canola. However, com oil has low 
levels of Imolemc acid (18:3) and relatively high levels of palmitic (16:0) acid (desimbl. in 
maganne). Applies, belie™, 4a, reduction in oloc »d linoleic acid levels by down, 
regutanon of A-9 d^nsmae activfty win m*. com a viable active .0 soybean 2, 
canola in the saturated oil market. 

Margarine and confectionary fats are produced by chemical hydrogenation of oil 
from plants such as soybean. This process adds cost to the production of the margarine 
and also causes both cis and trans isomers of the fatty acids. Trans isomers are no, 
naturally found in plant derived oils and have raised a concern for potential health risks 

^del *T 7 ^ 10 C,iminate thC nCCd f ° r Chcmical Mrogenation is to 

geneucauy engnieer the plants so that desaturation enzymes are down-regulated A-9 
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desaturase introduces the first double bond into 18 carbon fatty acids and is the key step 
effecting the extent of desaturation of fatty acids. 

Thus, in a preferred embodiment, the invention concerns compositions (and 
methods for their use) for the modification of fatty acid composition in plants This is 
5 accomplished through the inhibition of genetic expression, with ribozymes, amiscasc 
nucleic acid, cosuppression or triplex DNA, which results in the reduction or elimination 
of certain enzyme activities in plants, such as A-9 desaturase. Such activity is reduced in 
monocotyledon plants, such as maize, wheat, rice, palm, coconut and others A-9 
desaturase activity may also be reduced in dicotyledon plants such as sunflower 
10 safflower, cotton, peanut, olive, sesame, cuphea, flax, jojoba, grape and others. 

Thus in one aspect, the invention features ribozymes that inhibit enzymes 
mvolved » fatty actd unsaturate, e.g., by reducing A-9 desaturase activity. These 
endogenously expressed RNA molecules contain substrate binding domains that bind to 
accessible regions of the target mRNA. The RNA molecules also contain domains that 
catalyze the cleavage of RNA. The RNA molecules are preferably ribozymes of the 
hammerhead or hairpin motif. Upon binding, the ribozymes cleave the target mRNAs 
preventing translation and protein accumulation. In the absence of the expression of the 
target gene, stearate levels are increased and unsaturated fatty acid production is reduced 
or inhibited. Specific examples are provided below in the Tables listed directly below. 

In preferred embodiments, the ribozymes have binding arms which are 
complementary to the sequences in the Tables VI and VIII. Those in the art will 
recogmze that while such examples are designed to one plant's (e.g.. com) mRNA. similar 
nbozymes can be made complementary to other plant's mRNA. By complementary is 
thus meant that the binding arms of the ribozymes are able to interact with the target 
RNA » a sequence-specific manner and enable the ribozyme to cause cleavage of a plant 
mRNA target. Examples of such ribozymes are typically sequences defined in Tables VII 
and VIII. The active ribozyme typically contains an enzymatic center equivalent to those 
in the examples, and binding arms able to bind plant mRNA such that cleavage at the 
arget site occurs. Other sequences may be present which do not interfere with such 
30 binding and/or cleavage. 

The sequences of the ribozymes that are particularly useful in this study, are shown 
in Tables VII and VIII. * ° " 
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Those in the an will recognize that ribozvme sequences listed in the Tables are 
representee only of many more such sequences where the enzymatic portion of the 
nbozyme (all but the binding arms) is altered to affect activity. For example, stem-loop 
II sequence of hammerhead ribozymes listed in Table IV (5'-GGCGAAAGCC 3') can b 
i altered (substitution, deletion, and/or insertion) to contain any sequences, preferably 
prov,ded that a minimum of a two base-paired stem structure can form. Similarly stem 
loop IV sequence of hairpin ribozymes listed in Tables V and VIII (5 l -CACGUUGUG .V) 
can be altered (substitution, deletion, and/or insertion) to contain any sequence 
preferably provided that a minimum of a two base-paired stem structure can form Such 
ribozymes are equivalent to the ribozymes described specifically in the Tables. 

In another aspect of the invention, ribozymes that cleave target molecules and 
reduce unsaturated fatty add content in plants are expressed from transcription units 
-nserted mto the plant genome. Preferably, the recombinant vectors eapab.e of stable 
mtegranon into the plant genome and selection of transformed plant lines expressing the 
ribozymes are expressed either by constitutive or inducible promoters in the plant cells 
Once expressed, the ribozymes cleave their target mRNAs and reduce unsaturated fatty 
actd production of their host cells. The nbozymes expressed in plant cells are under the 
control of a constitutive promoter, a tissue-specific promoter or an inducible promoter. 

Modification of fatty acid profi.e is an important application of nucleic acid-based 
technologies which are capable of reducing specific gene expression. A high level of 
saturated fatty acid is desirable in plants that produce oils of commercial importance. 

en , J" V^ tCd "* inVCnti0n fC8tUrCS *• isolation of 'DNA sequence 

encoding A-9 desaturase in maize. 4 

In preferred embodiments, hairpin and hammerhead ribozymes that cleave A-9 
desatunsemRNA are also described. Those of ordinary skill in the an will, understand 
from the example* described below that other ribozymes that cleave target mRNAs 
required for A-9 desaturase activity may now be readily designed and are within the scope 
of the invention. 

While specific examples to com RNA are provided, those in the an will reeognize 
that the teachings are not limited to com. Furthermore, the same target may be used in 
oUier plant species. The complementary arms suitable for targeting the specific plant 
RNA sequences are utilized in the ribozyme targeted to that specific RNA. The examples 
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and teachings herein are meant to be non-limiting, and those skilled i„ * 
. recognize that similar embodiments can be readily B enenTd 
Plants to modulate expression of a varies o^lJZT ' ™* ° f differCnt 
and are within the scope of the hJT ^ ^ ^ ^ h ^ 

5 Standard molecular biology techniques were followed in the cxamn.es h 

Addmonal information may be found in Sambrook, J ,. rilsch « M 
(1989), Molecular Cloning a Laboratory Manual, eco d tSL Co', S T ' 
CCd Sp ri ngHarborLaboratory Press, which is ^J^^^^ 

Examples 

10 - Exam ^ Li Isolation of ^ 9 desatur^cHMA ^~ ^ 

to scree. , wi* mbryo cDNA , ""»«• ■>»*»»• ™» w. urf 

Featwes of .he cDNA insert «• , „ ™ °"? CtaK wh,ch ™ fenced. 

Example 2: jdcnrifi nf.im 

7 ncavage sites. The numbering system starts with 1 at the „<• a 

Ribozymes, such as those listed in Tables VTr an w vm 
synthesized to such cleavage sites with I2 cn5 2 00 7 T* ** 

30 binding arms (see Figs 1 . 5> TW . ^Z ? ! ° r m ° K bases M sub "rate 

e-m» l5 ce rigs. 1-5). These substrate binding arms within a rihn™™. .. u 
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Example 3: Selection of Rihn 2vme Cleavage Sit** fa. A 9 dgsaturase 

The secondary structure of A-9 desaturase mRNA was assessed bv computer 
analyse usmg algorithms, such as those developed by M. Zuker ( Zuker' M 989 
Science, 244 48 ^ 2 , Regjons of me mRNA ^ ^ ^ ^J^^ 

— n RNA ^ NA — 0f - * nuCcoti.cs and contained^ 
hammerhead nboayme cleavage silcs were identified 

ExanJe^r ereaS ^ f0r0 '^ nUC ' e ° ddeaCCeKibili,y * ^ H aSMyS <** 
Example 4: RNaseH Assays for A9 desaturase 

Forty nine DNA oligonucleotides, each twenty one nucleotides long were used in 

RN.se H assays (F,g. 6) were performed using a M tag* mnsert of 
*-«. cDNA. RNA was screened for accede Coava* sites by me m«ho 
«^.D,..,.^, Briefly , DNAoiigonuc^re^ 
^IT 7" T A P ° ,ymera " ** "«»on was used ,„ 

XT P ° ,ymeme — «- ~™ «°NA donas 

UbeW RNA tnnsenpts ware syntheaized „ ftom these templatea. The 
oUgtmudeoad* and ma iabded transcripts were annealed. RNAseH w« added and * 
munsres ware ra cub.t.d for .0 minu«, ., 37-C. Radons were stopped Jrna 
SeP 7' d " ~« POlyaerylamide gels The percentage of me suosJTJ^ 
* ~smphic citation using a Mo,ecu,ar Dynamic! pho^ 
cmagmg system (Figs. 13 and 14). pnospnor 

Example 5: Hammerhead and Hai 

subild T T T bCSt " *■ H MSayS - Th - "bozymes were then 

subjected to analyse by computer folding a„ d mc ribo2ymes ^ had 

secondary structure were rejected. s:gnmcant 
The ribozymes were chemically synthesized. The general procedures for RNA 

Zs Z Z bCC : deSChbed PreVi0US ' y (USman « * ' 987 « J ^ 5 1 09 
7845-7854 and in Scannge et al. f 1990. M.c/. ,4c/* 18 5433 514.. ur , ' 

«« » *» .as. 2 , Small scale synthe ^ 
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Applied Biosy s ,em S , Inc. synthesis using . modified 2.5 „m„| scale proIoco| , } 
mm couphng step f„ ra , kvlsii y| proIKttd nudeotidB Md » • * y 

methylated nuc.eo.ides. Tabic II outlines the amounts, and , he JL SL 
^■suscd.nd.esynd.es.scycic. A..5.fo,d«x« S a(,« t U.ofO.I M . ™ ^ 
5 pfcsphoramtdHe and a 24-fold excess of 5-ethy, tctraxolc ,23, „ L „ „ 25 ^ , 
IMO relative ,. polymer-bound S'-hydroxyl «, used ,„ each coupling cycle Ave™ 

r ? 5 c i: 3 :" de 7 n r * coi ~ — * 

T, t ° ohgonudeonde syndesis reagent for the 394 ; Delritylanon 

»tao. was ,2 H TCA in methylene chloride (ASI); capping was pe^ JJJJj 

'""if? " ,™ F <AB,) - d ' 0% -* ■****««. Wutidinc in THF 
AB ). o^danon so,ut,on was 16.9 mM . 2 , 49 mM pyridine. M wT „" ^ 

o e2,°1 ,* ' ^ Gnde — dire «* *» - ™«™ bottle 

S-Ethyl tetmaole solution (0.25 M in acetonitrile) was made up fiom the aoM I. „ 
from American International Chemical, Inc. 0 '" , " ne<, 

Deprotection of the RNA was performed as follows The n„,v m i. , 
o,igoribonuc,e,>tid, „ ^ferred from me .ynmLTco,™ 0 ° 7m^2 

:r waa washed three timl wHh ■A'S^S.S 

The basc-deprotected oligoribonucleotide was resusn^H.H 

.Th T^'! « ^ Pr0V ' de * " M " F «— *-» - heated .0 65-C Z 
1.5 h. He maumng. 6U.y deprotected, oligom^ was cuenched with 50 mM TEA g 

mL) prior to anion exchange desalting. ( 

For anion exchange desalting of the deprotected oligomer the TFan .„i . 
loaded onto . Qiagen 500 ® ttioil eJ(cha , ' J" - 

win, 50 mM TEAB ,10 mL,. Swashing ^tfi^ ~ ™ 
nU,.me RNA w aS e,u tt dwi„ 2 MTEAB ( ,0mL,anddrie.d:;;l 5 :^ 

*»*» •"-"J- nhozymes were synthesized by substituting a U for C 5 ami a 
U for A |4 (numhenng from (Henel. K. J., „ , * ^ ^ "«' ' 
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RNAS^ hai,P '" rib0ZymeS Wm !yWheS '" d " " BCr,bed ^ fM ,ht h ™"**«« 

Ribozyme* were also synthesized from DNA templates using bacteriophage T7 
RNA polymerase <Mi..iga» , nd uhlc „ beck , |9W Malmb l mai *H»™ 

hv I f ^ dK,rol,h0TOi! «*• MM.' or were p„„„ c J 

by htgh pressure Itqutd chromatography (HPLC; See Wincot, „ «/. ,9% ,«L Z 

M* .f whie* is hereby incorporated hes.in by reference, and were re u t 

water. Th, sequences of the chemically synthesized ribozynres used in «. », Jy « 

shown below in Tables VII and VIII. 

10 Exam P le 6: Lo"g substrate tests for ^ desaturase nho^,c 

the JTd " ^ SOldy WM 1621 m l0ng 8nd COn,aincd «*■"«■» sites for all 

the HH and HP nbozymes targeted against A-9 desaturase RNA A temniL / 

T7 RNA polymerase promoter upstream of A-9 desanli^ f 8 
. — ^ F m 01 a y aesamrase target sequence, was PCR 

amplified from a cDNA clone. Target RNA was trancrrikoH *v« u 
ic . * cl A was transcribed from this PCR amolified 

2i.T;r''"^' , ™'" , ' i *-" i * , » , "™'-i"~->>«4»», 

and the pellet was stored at 4°C. 

Ribozyme cta™ge reactions m caried out tmder ribozyme exeess (k c „/K M ) 

nbozyme and < .0 „M inten^y iawc ^ ^ „,„ »" 
25 heamg » 6J . C for 2 min in the prese™* of 5() mM Trjj oH , , 

20 C) for .WO mm. Cleavage morion ™ ilunattd by mhung d,e ribozyme and usee, 
RNA « appropn... reaerion temperature*. Aliquots were udcen a. regub, i^Jf 
nme ad the reacon was quenched by adding equal volume of stop bufTVhTs™ |~ 
30 were resolved on 4 % sequencing gel. P ' K 

The results from ribozyme cleavage reactions, at 26'C or 2<TC are sun, m =H,^ 
Table * and P.gures ■ 5 and of the ribozyme, tested ZZZZZZ 
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hairpins showed significant cleavage of A-9 desaturase UNA (Figures 15 and 16) 
Ribozymes to other sites showed varied levels of activity. 

Example 7: CleavaerofthrrarprtPM. usin, multiple rib ^ invim r „, „ 

desaturase * ' u - 

Sew* of the above ribozymes were tocorporattd into a mu | lira cr riboxvmc 
in Figures 17 18, 10 , nd 23. The nbozymes we« male by annexing complementary 

SZT?*!*"* m exprasion — - dJLZZ 

Virus 35S enhanced promoter (Francke/o/ 1985 Cdn\ ->**\ .u 

(DeWek»«„; 10.^ r , . 7_ ' Nos l> 0| y«<fc»yhnon signal 

«T£L1 T " '■ 56 °- ClM "«"^ ** T7 transcript 

n^ftom transcription „m a „ show „ „ Fjplres „ ^ 

15 embotaenrs, constsnn, rf olte ribozyme eombnunons. inttms Md pLcTeeZ^ 

Example 8: Construction of Rib ozyme nrnrr- im. ■ , 

ZYme "WesSfflg tran g rr, D tion units fnr fl 9 desaturase 

» plans. ather from genes inse^d int0 », plMt genome J ' 

vnal se^ences. These nbozymes can be expressed Wo RNA polymerase I „ „ ,„ 
Ph. or pUn, vnus promos (such as CzMV). Promoters can J dther c ^ 
nssue speeifie, or developmental^ expressed. oonsnnmve. 

250Monom>rP ibozvi M mim n i Cts fRp i> lu 

These ere .he 4-9 desaturase 259 monomer hammerhead ribozyoe clows The 
nbozymes were designed wim 3 bp long sum I, and 20 bp (rota.) long^Th™, 
anna ur,eted again*, it. 259. The «dv. vosi .„ „ ^ 

30 make a blun, acceptor she. The vector was then digested wim m 

e-yme. The ribozym. containing ^ were cut w^J* „ IT" " 
and recut with «,w ttt tu. ' ""ea-in with Klenow 

with Hud III. The msert contaming the entire ribozyme transcription unit was 
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gel-purified and ligated into the pDAB 367 vector T»» 

19 453 Multimer Rihnr y me Con.rn.r.c (RPA 1 IS UQ\ 
These are the A-9 desaturase 453 MulUm^ k, 

RPA 118, the in**,. is ^ "j 4 k ^ aC " VC VCra, °" is 

— ». Th. mnltimer consmict ^ZTS tTT * *" ™ 

targeted against sites 453, 464, 475 and 484 within A-9des oT** r '°02ymcs 

^9 252 Multitn«r P;h 02vnie c nn<tn , „ s (R p A ^ , 
These are the A-9 desaturase 252 multimw rik«„ 

»P« -iin, fi»«. The nutlthne, ^ P wm ^™ b y n 6 ; 25 ""^) 
regions. Total length of the suh^t. k- j- u ««gnea with 3 bp long stem II 

15 RPA 85 is the .T^X^r ° f m °" imer — ~ * " * 
- M was gel-p^ed This JT»ZE£ J"- * .1 and th. si„ s ,e 

constructs were jel-isolaled (this contains the rib,™™ .. l * * 0 *" ** nbw >™» 
M lip* into the 367 vector TnT£7. , ^ *' N ° S A »« 

25 ^^'^^^.enH^.^ -..,..,,,, 

Two hundred and forty one hammer h+*A ~u 

a undine and any nuclide ejt « pl ^ ' "•"""^d sue consist, of 

codn^.nforcomtSEQ.l.D .NoT^L^ ' " Se<1UOKe ° f 0BSS 
30 ^-.OBSSeON.e.one^.he^^r^r * ' " ^ ' 
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I44 

145 

TCATCTCGTCGACGACCAGTGGATTAATCGCCATGCCGGCTCTAGCCACGTCrrA 
GCTCGTCGCAACGCGCG AOCCACG I CGCA 

217 

10 CCGGCCTGGGCGTCCCGGACGCGTCCACGTTCCGCCGCGGCGCCGCGCAGGGCCT 
GAGGGGGGGCCGGACGG v-va^aocgcct 

289 

15 361 

C^G^^^ 
433 

20 CGGCCTG^CGG^GO^^^^^^^^^^^^^^^^^^^^^^^ 
505 

gS^^^^ 

577 
649 

30 721 

GGCCTGACGCTGGAACGGACTACAGGGACAACCAGCTGCGGTTCAGCCTGCTATr 
CCAGGCAGCACTTG AAG *TCAGCCTGCTATG 

793 
865 

936 
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937 

ACGCAA AGACCGCTTTCTGCATCCACAACATCTCCTACCAGGGCCrrTT,^ ,0 ° 8 
5 TCCGACTACCCGGAGC ALt -AGGGCCGGTTCGCCTTC 

1009 
1081 
1153 

AGCTCATCTCCGGCATCGCCAGGGGCTGCGAGCTCGACAACATr^rr^ 1224 
CGGCATCACCGGCATCG t-GACAACATCATGCGCCTCAC 

15 1225 
1297 
1369 
1441 

25 AGCTCATGGAGATGGTGGAGGACGTGCAGATCGTTCTrrrrr^r. 1512 
AGAAGTTCGAGCGCATGC «»-AUATCGTTCTGCTGGGCACGGGCAAGA 
1513 

30 1585 

1657 

1729 

1800 
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CCGGGTTCCACATGOGCCGCCTCAGCCTCGACTGCAACGTCCTGGAGCCGGCGCA 
CGTCAAGAAGGTGGCCA 

1801 

1872 

CCACCTTGCAGCGCGCCATCAAGGTGGTCGGCACGCCGGCGTACGAGGAGATGGT 
5 GAGGAACTGCATGATCC ° 

1873 

1 944 

AGGATCTCTCCTGGAAGGGCCCTGCCAAGAACTGGGAGAACGTGCKiCTCAGCCT 
CGGGGTCGCCGGCGGCG v.jw\ut.t.l 

1945 

AGCCAGGGGTCGAAGGCGAGGAGATCGCGCCGCTCGCCAAGGAGAACGTGGCCG 
CGCCCTGAAGAGTTCGGC • uu^i • 

2017 

208R 

CTGCAGGCCCCCTGATCTCGCGCGTGGTGCAAACATGTTGGGACATCTTCTTATAT 
ATGCTGTTTCGTTTAT 

15 2089 
2161 
2233 



10 



AATAAATGGACCTGTAGTGGTGGAAAAAAAAAAAA 



(SEQ I.D. NO. 25). 



There are approximately 53 potential hairpin nbozyme sites in the GBSS mRNA 
25 The nbozyme and target sequences are listed in Table V. 

Ribozymes can be readily designed and synthesized to such sites with between 5 
and 100 or more bases as substrate binding arms (see Figs. 1 . 5) as described above. 

30 Example 10: Selection of Rib ozvme Cleavage Sites for GBSS 

The secondary structure of GBSS mRNA was assessed by computer analysis using 
foidmgalgonthms, such as the ones developed by M. Zuker ( Zuker, M., 1989 Science 
244. 48-52. Regions of the mRNA that did not form secondary folding structures with 
RNA/RNA stems of over eight nucleotides and contained potential hammerhead 
35 nbozyme cleavage sites were identified. 
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H assays (see , F » 6). F,fty.e,gh, DNA ol.gonucleot.des. each >„ aty me 
long were used n mese assays. These oligonucleotides covered 85 si.es Th e n 
and designation of d,ese ohgonucleotides were .95. 205, 240. 307 T 
539. 5,2. 625. 636. 67 8 . 725. 74,. „ ,, g 59 , ,„, g 97 . „ 2 , , R ^ ^ £ • • 
999 .015. ,027. ,032. ,056. ,084, M05. „56. „68. „86. , ,95 04 2 H ,22 ' 
240. ,269. ,284. ,293. ,345. ,35,. ,420, ,47,. ,533. ,563 ,7,4 0 ' o ' 

819 1921 1954 anH 107ff C- -i 1 7K6, 1806, 

384 iiTiu L L 11 SCC ° ndary S,tCS were a,so c ^ and included 202 394 
384, 385, 484, 624, 627, 628, 679, 862, 901, 930, 950. 952, 967 990 99. imTW 
1108, 1159. 1225.1273, 1534. 1564. 1558.and 1717. ' ,035 * 

Example 1 1 : RNaseH As says for GBSS 

RNase H assays (Fig. 7) were performed using a foil length transcript of the GBSS 
codtngre^-noncodingregion^and part of the 5' noncodin T^onZ GB SS RNA 
was screened for accessible cleavage sites by the method desJbed g^v ,„ D l e ^ 
oL, supra, hereby incorporated bv refers n . " gCnCraUy In Dra P er * 

^nghamn^ f ™*» 
reaction was used to generate a substrate for T7 RNA Synthes,zcd - A polymerase chain 
cDNA clones i J JL dm! A po, y mcrasc transcription from com 

b, aummdrogrephic ,u»ti«,.„ ^ . phosphor * 




Hammerhead ribozymes wid, ,0/10 ft*, able <o form ,0 base pairs on each a™ of 
wererejeced. As. result of .his screening procedure 23 rib * 

Z°rT rc * ons h ** GBSS " s ™ ^ZTSZX 

The ribozymes were chemically synmesized. The rnerhod of synthBis 
follows me procedute for norma, RNA symhesis as described above (and ZZ „ n, 
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supra. Scaringc et ai. and Wincott et ai. supra) and are incorporated bv reference herein 
and makes use of common nucleic acid protecting and coupling groups, such as 
dimethoxytrityl at the S'-end, and phosphoramidites at the 3'-end. The average stepwise 

I E£! uf A WC T 98 k • Ina f Ve WCre Synlhesi2ed b ' sub «'^ing a U for 

> G 5 and a U for A, 4 (numbenng from (Hotel et ai. supra). Hairpin ribozymcs were 

synthesized in two parts and annealed to reconstruct the active ribozyme (Chowrin, and 
Burke, 1992, Nucleic Acids Res., 20, 2835-). All ribozymcs were modified to enhance 
stability by modification of five ribonucleotides at both the 5' and 3' ends with 2' O 
methy, groups. Ribozymes were purified by gel electrophoresis using general methods 
I (Ausubele/a/., 1990 Current Protocols in Molecular Biology Wiley & Sons, NY) or were 
purified by high pressure liquid chromatography, as described above and were 
resuspended in water. 

Example 13: Lanp S ubstrate Tests for GBSS 

* n lTT A USCd ^ ** W8S 900 nt ,0ng md COntamed deav *S< sites for all 
the 23 HH nbozymes targeted against GBSS RNA. A template containing T7 RNA 

polymerase promoter upstream of GBSS target sequence, was PGR amplified from a 

cDNA clone. Target RNA was transcribed from this PGR amplified template using T7 

SmJJST 18, ^ rr Pt ^ iMemaUy ,abe,Cd durin « ^P" 0 " «>y including 
[a-32 P] CTP as one of the four ribonucleotide triphosphates. The transcription mixture 

was treated with DNase-1. following transcription at 37'C for 2 hours, to digest away the 
DNA template used in the transcription. The transcription mixture was resolved on a 
denatunng polyacrylamide gel. Bands corresponding to full-length RNA was isolated 
from a geI $Iicc ^ * WA was precipitated ^ ^ ^ ^ ^ ^ 

at 4 C 

Ribozyme cleavage reactions were carried out under ribozyme excess (k cat /K M ) 
conditions (Heischlag and Ceoh, supra). Briefly, 1000 nM ribozyme and < 10 nM 
internally labeled target RNA were denatured separately by heating to 90»C for 2 min in 
the presence of 50 mM Tri,HCI, P H 7, and 10 mM MgC*. The' RNAs we" renlr* 
by cooling to the reaction temperature (37»C, 26«C and 20'C) for 10-20 min Cleavage 
reactton was initiated by mixing the ribozyme and target RNA at appropriate reaction 
temperatures. Alquots were taken at regular intervals of time and the reaction was 
quenched by adding equal volume of stop buffer. The samples were resolved on 4% 
sequencing gel. 
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The results from ribozyme cleavage reactions, at the three different temperatures 
are summarized tn Figure 8. Seven lead ribozymes were chosen (425, 892 919 959 968* 
1241, and 1787). One of the active ribozymes (811) produced a strange pattern of 
cleavage products; as a result, it was not chosen as one of our lead ribozymes. 

Example 14: Cleavage of the GBSS RNA Using Multip le Ri bozvmc Comh,n:„,»», 

Four of the lead ribozymes (892, 919. 959. 1241) were incubated with internally 
labeled target RNA in the following combinations: 892 alone; 892 + 919- 892 + 919 + 
959; 892 + 919 + 959 + 1241. The fraction of RNA cleavage increased' in an additive 
manner with an increase in the number of ribozymes used in the cleavage reaction (Fig 9) 
Ribozyme cleavage reactions were carried out at 20'C as described above These data 
suggest that multiple ribozymes targeted to different sites on the same mRNA will 
increase the reduction of target RNA in an additive manner. 

Example 15: Construction of RihoTvme Ewri- Transc r iption Units for ™cc 
Cloning of GBSS Multimer Ribozymes RPA 63 (active) and RPA64 (inactive) 

A multimer ribozyme was constructed which contained four hammerhead ribozymes 
ta^etmg sues 892, 919, 959 and 968 of the GBSS mRNA. Two DNA oligonucleotides 
(Macromolecular Resourses. Fort Collins, CO) were ordered which overlap by 18 
nucleotides. The sequences were as follows: 

Oligo 1: CGC GGA TCC TGG TAG GAC TGA TGA GGC CGA AAG GCC GAA 

£° ™ I? TGA TGA GGC CGA AAG GCC GAA ATG CAG AAA GCG GTC 
TTT GCG TCC CTG TAG ATG CCG TGG C 



25 Oligo 2: CGC GAG CTC GGC CCT CTC TTT CGG CCT TTC GGC CTC ATC AGG 
TGC TAC CTC AAG AGC AAC TAC CAG TTT CGG CCT TTC GGC CTC ATC 
AGC CAC GGC ATC TAC AGG G 



Inactive versions of the above were made by substituting T for G5 and T for A14 within 
30 the catalytic core of each ribozyme motif. 

These were annealed in 1 X Klenow Buffer (Gibco/BRL) a, 90'C for 5 minutes and slow 
cooled to room temperature (22'C). NTPs were added to 0.2 mM and the oligos 
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extended with Klenow enzyme at lunit/ul for one hour at 37°C. This was 
phenol/chloroform extracted and ethanol precipitated, then resuspended in IX React 3 
buffer (Gibco/BRL) and digested with Bam HI and Sst I for 1 hour at 37°C. The DNA 
was gel purified on a 2% agarose gel using the Qiagen gel extraction kit. 

m 

The DNA fragments were ligated into BamWMSst I digested pDAB 353. The ligation whs 
transformed into competent DH5a F' bacteria (Gibco/BRL). Potential clones were 
screened by digestion with Bam HVEco RI. Clones were confirmed by sequencing. The 
total length of homology with the target sequence is 96 nucleotides. 

919 Monomer Ribozvme (RPA66) 

Asingle ribozyme to site 919 of the GBSS mRNA was constructed with 10/10 arms as 
follows. Two DNA oligos were ordered: 

Oligo I: GAT CCG ATG CCG TGG CTG ATG AGO CCG AAA GGC CGA A AC 
TGG TAG TT 

Oligo 2: AAC TAC CAG TTT CGG CCT TTC GGC CTC ATC AGC CAC GGC ATC 
20 G 

The oligos are phosphorylated individually in IX kinase buffer (Gibco/BRL) and heat 
denatured and annealed by combining at 90»C for 10 min, then slow cooled to room 
temperature (22«C). The vector was prepared by digestion of pDAB 353 with Sst I and 
25 blunting the ends with T4 DNA polymerase. The vector was redigested with Bam HI and 
gel purified as above. The annealed oligos are ligated to the vector in IX ligation buffer 
(Gibco/BRL) at 16T overnight Potential clones were digested with Bam HVEco RI and 
confirmed by sequencing. 

30 Easaig 16: Plant Transformation Plasmids oDAR 36 7 , Used in the aq p;^ t ~. 
Experiments, and dDAB3^ use d in the GBS S Ribozvme F.xp^rim»m. 



35 



Part A DDAB367 

Plasmid pDAB367 has the following DNA structure: beginning with the base after the 
finalC residue of the Sph I site of pUC 19 (base 441; Ref. I), and reading on the strand 
contiguous to the LacZ gene coding strand, the linker sequence CTGCAGGCCGGCC 
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TTAATTAAGCGGCCGCGTTTAAACGCCCGGGCATTTAAATGGCCCGCCGC 
GATCGCTTGCAGATCTGCATGGGTG, nuclides 7093 to 7344 of CaMV DNA 
(2), the Inker sequence CATCGATG, nucleotides 7093 to 7439 of CaMV the linker 
sequence GGGGACTCTAGAGGATCCAG, nucleotides 167 to ,86 of MSV (3 
5 nucleotides 1 88 to 277 of MSV (3), a C residue followed by nucleotides 1 1 9 to 209 of 
maze Adh IS containing parts of exon 1 and intron I (4), nucleotides S .« u. 672 
containing parts of Adh IS intron 1 and exon 2 (4), the linker sequence GACGGATCTG 

r nU M^ 7 , 8 10 ° f ^ " f0U0WCd by 8 m ° dif,Cd BAR region 

from pIJ4I04 (5) havmg the AGC serine codon in the second position replaced by a GCC 

10 alatnne codon, and nucleotide 546 of the coding region changed from G to A to eliminate a 

Bgl II site. Next, the linker sequence TGAGATCTGAGCTCGAATTTCCCr 

nucleotides 1298 to .554 of Nos (6), and a G residue followed by the rest of the pUC 19 

sequence (including the Eco RI site). 

15 PartB DDAB351 

Placid PDAB353 h. *, f. Iltl w, ng DNA sm-cmre: bqp™,, with ft. bas . 1(ter ft. 
yemtm of fte Sph I *. of pUC ,9 <oa« 441; Rcf. ,), „ d ^ m ^ S J 

land m*on | (4), nucleotides 555 to 672 containing parts of Adh I S intron I and exon 2 
(4), and the hnker sequence GACGGATCCGTCGACC, where GGATCC represents the 
rccognmon sequence for BamH I resection enzyme. This is followed by the beta, 
glucurontdase (GUS) gene from P RAJ275 (7), cloned as an Nco l/Sac I fragment, the 

TZ'T'T^T' ** P ° ly A ^ ^ nUClCOtidCS 1298 * ™ of No 
(6) anda G restdue followed by the rest of the pUC 19 sequence (including the Eco RI 
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The following are herein incorporated by reference: 

1. Messing, J. (1983) in "Methods in Enzymology" (Wu. R. « fl /„ Eds) 101 20-78 

2. Franck A H. Guilley, G. Jonard. K. Richards, and L. Hirth (1980) Nucleotide 
sequence of Cauliflower Mosaic Virus DNA. Cell 21 :285-294. 
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3. Mullineaux. P. M.. J. Donson, B. A. M. Morris-Krsinich. M. I. Boulton. and J. W. 
Davies(1984) The nucleotide sequence of Maize Streak Virus DNA. EM BO J 3 3063- 
3068. 

4. Dennis. E. S.. W. L. Gerlach. A. J. Pryor. J. L. Bennetzen. A. Inglis, D. Llewellyn M 
5 M. Sachs. R. J. Ferl. and W. j. Peacock (1984) Molecular analysis of the alcohol 

dehydrogenase (Adhl) gene of maize. Nucl. Acids Res. 1 2:3983-4000. 

5. White, J., S-Y Chang. M. J. Bibb, and M. j. Bibb (1990) A cassette containing the bar 
gene of Streptomyces hygroscopicus. a selectable marker for plant transformation. Nucl 
Acids. Res. 18:1062. 

10 6. DePicker. A.. S. Stachel. P. Dhaese. P. Zambryski. and II.. M. Goodman (1982) 
Nopahne Synthase: Transcript mapping and DNA sequence. J. Molcc. Annl Genet 
1:561-573. 

7. Jefferson, R. A. (1987) Assaying chimeric genes in plants: The GUS gene fusion 
system. Plant Molec. Biol. Reporter 5:387-405. 

Example 17: Plasmid P DAB359 a Plant Tranjfonnation Plasmid which rw™. the 
Gamma-Zem Promoter, the Anriscnse GBSS. and . tK. M„ s P olvadenv i ati nn ^ 

Plasmid pDAB359 is a 6702 bp double-stranded, circular DNA that contains the 
following sequence elements: nucleotides 1-404 from pUC18 which include lac operon 
sequence from base 238 to base 404 and ends with the HindHI site of the M13mpl8 
polyhnker (1,2); the Nos polyadenylation sequence from nucleotides 412 to 668 (3)- a 
synthetic adapter sequence from nucleotides 679-690 which converts a Sac I site to 'an 
Xho I site by changing GAGCTC to GAGCTT and adding CTCGAG: maize granule 
bound starch synthase cDNA from bases 691 to 2953, corresponding to nucleotides 1- 
2255 of SEQ. I.D. No. 25. The GBSS sequence in plasmid pDAB359 was modified from 
the original cDNA by the addition of a 5' Xho I and a 3' Nco I site as well as the deletion 
of internal Nco I and Xho I sites using Klenow to fill in the enzyme recognition 
sequences. Bases 2971 to 4453 are 5' untranslated sequence of the maize 27 kD gamma- 
zein gene corresponding to nucleotides 1078 to 2565 of the published sequence (4) The 
gamma-zein sequence was modified to contain a 5' Kpn I site and 3' BamH/Sall/Nco I 
sues. Additional changes in the gamma-zein sequence relative to the published sequence 
mclude a T deletion at nucleotide 104, a TACA deletion at nucleotide 613 a C to T 
conversion at nucleotide 812. an A deletion at nucleotide 1165 and an A insertion at 
nucleotide 1353. Finally, nucleotides 4454 to 6720 of pDAB359 are identical to puclS 
bases 456 to 2686 including the Kpn I/EcoRI/Sac I sites of the M13/m P I8 polvlinker 
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from 4454 to 4471, a lac opcron fragment from 4471 to 4697. and the Clacatmase uenc 
from 5642 to 6433 (1,2). b 
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The following are incorporated by reference herein: 

PUC18- Noirander, J., Kempe, T., Messing, J. Gene (1983) 26: I0M06; Pouwcls P II 
Enger-Valk, B.E.. Brammar. W. j. Cloning Vectors. Elsevier 1 985 and supplements ' 

NosA . DePicker. A.. Stachel, S., Dhaese, P., Zambryski, P., and Goodman. H M 
Gene? P56M73 "* ° NA 1 M °' CC - AppL 

Maize 27kDga^a.zein - Das. O.P., Poliak, EX.. Ward, K., Messing. J. Nucleic Acids 
Research 19, 3325 - 3330 (1991). 

B P " Construction of Plasmid pDAB430, containing Antisense A^^wrr 
Expressed bv the Ubiouiti n Promoter/intron fUbil) — » 

Part A Construction of plasmid pDAB421 

Plasmid pDAB421 contains a unique blunt-end Srfl eloning site flanked by the maize 
Ubtqumn promoter/intron and the nopaline synthase polyadenylation sequences 
PDAB421 was prepared as follows: digestion of pDAB355 with restriction enzymes 
KpnJ and BamHI drops out the R coding region on a 2.2 kB fragment. Following gel 
punfication, the vector was ligated to an adapter composed of two annealed 
oligonucleotides OF235 and OF236. OF235 has the sequence 5' - GAT CCG CCC GGG 
GCC CGG GCG GTA C - 3' and OF236 has the sequence 5' . CGC CCG GGC CCC 
GGG CG - 3'. Clones containing this adapter were identified by digestion and 
linearization of plasmid DNA with the enzymes Srfl and Smal which cut in the adapter 
but not elsewhere in the plasmid. One representative clone was sequenced to verify thai 
only one adapter was inserted into the plasmid. The resulting plasmid pDAB42I was 
used in subsequent construction of the A9 desaturase antisense plasmid pDAB430. 

Part B Construction of plasmid pDAB430 (antisense A9 desaturase) 
The antisense A9 desaturase construct present in plasmid pDAB430 was produced by 
cloning of an amplification product in the blunt-end cloning site of plasmid pDAB421 
Two constructs were produced simultaneously from the same experiment. The first 
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construct contains the A9 desaturase gene in the sense orientation behind the ubiquitin 
promoter, and the c-myc tag fused to the C-terminus of the A9 desaturase open reading 
frame for immunological detection of overproduced protein in transgenic lines. This 
construct was intended for testing of ribozymes in a system which did not express maize 
A9 desaturase. This construct was never used, but the primers used to amplify and 
construct the A9 desaturase antisense gene were the same. The A9 desaturase cDNA 
sequence described herein was amplified with two primers. The N-tcrminal primer 
OF279 has the sequence 5'- GTG CCC ACA ATG GCG CTC CGC CTC AAC GAC - 
3'. The underlined bases correspond to nucleotides 1 46- 1 66 of the cDNA sequence. C- 
terminal primer OF280 has the sequence 5' - TCA TCA CAG GTC CTC CTC GCT 
GAT CAG CTT CTC CTC CAG TTG GAC CTG CCT ACC GTA - 3' and is the 
reverse complement of the sequence 5' - TAC GGT AGG GAC GTC CAA CTG GAG 
CAGAAG CTGATCAGC GAG GAG GAC CTG TGA TGA - 3'. In this sequence the 
underlined bases correspond to nucleotides 1304-1324 of the cDNA sequence, the bases 
15 in italics correspond to the sequence of the c-myc epitope. The 1 179 bp of amplification 
product was purified through a 1.0% agarose gel, and ligated into plasmid pDAB421 
which was linearized with the restriction enzyme Srfl. Colony hybridization was used to 
select clones containing the pDAB421 plasmid with the insert. The orientation of the 
insert was determined by restriction digestion of plasmid DNA with diagnostic enzymes 
20 Kpnl and BamHl A clone containing the A9 desaturase coding sequence in the sense 
orientation relative to the Ubiquitin promoter/intron was recovered and was named 
pDAB429. An additional clone containing the A9 desaturase coding sequence in the 
anitsense orientation relative to the promoter was named pDAB430. Plasmid pDAB430 
was subjected to sequence analysis and it was determined that the sequence contained 
25 three PCR induced errors compared to the expected sequence. One error was found in the 
sequence corresponding to primer OF280 and two nucleotide changes were observed 
internal to the coding sequence. These errors were not corrected, because antisense 
downregulation does not require 100% sequence identity between the antisense transcript 
and the downregulation target 
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Example 19: Helium Blasting of Embrvogenic Maize Cultures and the Subsequent 
Regeneration of Transgenic Progeny 

Part A Establishment of embiyogenic maize cultures. The tissue cultures employed in 
transformation experiments were initiated from immature zygotic embryos of the 
genotype "Hi-II". Hi-II is a hybrid made by intermating 2 R3 lines derived from a 
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B73XA188 cross (Armstrong ct al. 1990). When cultured, this genotype produces callus 
tissue known as Type II. Type II callus is friable, grows quickly, and exhibits the ability 
to maintain a high level of embryogenic activity over an extended time period. 

Type II cultures were initiated from 1.5-3.0 mm immature embryos resulting from 
controlled pollutions of greenhouse grown Hi-II plants. The initiation medium used was 
N6 (Chu, 1978) which contained i.0mg/L 2,4-D. 25 mM L-prolinc. 100 mg/L casein 
hydrolysate, 10 mg/L AgNOj, 2.5 g/L gelrite and 2% sucrose adjusted to P H 5.8 For 
approximately 2-8 weeks, selection occurred for Type II callus and against non- 
embryogemc and/or Type I callus. Once Type II callus was selected, it was transferred to 
a mamtenance medium in which AgN0 3 was omitted and L-prolinc reduced to 6mM. 

After approximately 3 months of subculture in which the quantity and quality of 
embryogenic cultures was increased, the cultures were deemed acceptable for use in 
15 transformation experiments. 

Part B Preparation of plasmid DNA. Plasmid DNA was adsorbed onto the surface of 
gold pamcles prior to use in transformation experiments. The experiments for the GBSS 
target used gold particles which were spherical with diameters ranging from I 5-3 0 
microns (Aldrich Chemical Co., Milwaukee, WI). Transfomation experiments for the A9 
desaturase target used 1.0 micron spherical gold particles (Bio-Rad, Hercules, CA). All 
gold parties were surface-sterilized with ethanol prior to use. Adsorption was 
accomplished by adding 74 m of 2.5 M calcium chloride and 30 ul of 0.1 M spermidine to 
300 m of plasmid DNA and sterile H 2 0. The concentration of pi asmid , dSa w« M 
ug. The DNA-coated gold particles were immediately vortexed and allowed to settle out 
of suspension. The resulting clear supematent was removed and the particles were 
resuspended in 1 ml of lOQo/. ethanol. The final dilution of the suspension ready for use 
in helium blasting was 7.5 mg DNA/gold per ml of ethanol. 

30 Part C Preparation and helium blasting of tissue targets. Approximately 600 mg of 
embryogenic callus tissue per target was spread over the surface of petri plates containing 
Type II callus maintenance medium plus 0.2 M sorbitol and 0.2 M mannitol as an 
osmoticum. After an approximately 4 hour pretreatment, all tissue was transferred to 
pern plates containing 2% agar blasting medium (maintenance medium plus osmoticum 

35 plus 2% agar). 
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Helium blasting involved accelerating the suspended DNA-coated gold particles towards 
and into prepared tissue targets. The device used was an earlier prototype to the one 
described in a DowElanco U.S. Patent (#5,141,131) which is incorporated herein by 
reference, although both function in a similar manner. The device consisted of a high 
5 pressure helium source, a syringe containing the DNA/gold suspension, and a 
pneumatically-operated multipurpose valve which provided controlled linkage between 
the helium source and a loop of pre-loaded DNA/gold suspension. 

Prior to blasting, tissue targets were covered with a sterile 104 micron stainless steel 
screen, which held the tissue in place during impact. Next, targets were placed under 
vacuum in the main chamber of the device. The DNA-coated gold panicles were 
accelerated at the target 4 times using a helium pressure of 1500 psi. Each blast delivered 
20 |d of DNA/gold suspension. Immediately post-blasting. the targets were placed back 
on maintenance medium plus osmoticum for a 16 to 24 hour recovery period. 

Part D Selection of transformed tissue and the regeneration of plants from transgenic 
cultures. After 16 to 24 hours post-blasting, the tissue was divided into small pieces and 
transferred to selection medium (maintenance medium plus 30 mg/L Basta™). Every 4 
weeks for 3 months, the tissue pieces were non-selectively transferred to fresh selection 
medium. After 8 weeks and up to 24 weeks, any sectors found proliferating against a 
background of growth inhibited tissue were removed and isolated. Putatively transformed 
tissue was subcultured onto fresh selection medium. Transgenic cultures were established 
after 1 to 3 additional subcultures. 

25 Once Basta™ distant callus was established as a line, plant regeneration was initiated by 
transferring callus tissue to petri plate containing cytokinin-based induction medium 
which were then placed in low light (125 ft-candles) for one week followed by one week 
in high light (325 ft-candles). The induction medium was composed of MS salts and 
vitamins (Murashige and Skoog, 1962), 30 g/L sucrose, 100 mg/L myo-inositol 5 mg/L 6- 

30 benzylaminopurine, 0.025 mg/L 2,4-D, 2.5 g/L gelrite adjusted to pH 5.7. Following the 
two week induction period, the tissue was non-selectively transferred to hormone-free 
regeneration medium and kept in high light. The regeneration medium was composed of 
MS salts and vitamins, 30 g/L sucrose and 2.5 g/L gelrite adjusted to pH 5.7. Both 
induction and regeneration media contained 30 mg/L Basta™. Tissue began differentiating 
35 shoots and roots in 2-4 weeks. Small (1.5-3 cm) plantlets were removed and placed in 
tubes containing SH medium. SH medium is composed of SH salts and vitamins (Schenk 
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and Hildebrandt, 1972). 10 g/L sucrose, 100 mg/L myo-inositol, 5 mUL FeEDTA and 
cither 7 g/L Agar or 2.5 ft. Gelrite adjusted to pH 5.8. Plantlets were transferred to 1 0 
cm pots containing approximately 0.1 kg of Metro-Mix® 360 (The Scotts Co 
Marysville, OH) in the greenhouse as soon as they exhibited growth and developed a 
5 sufficient root system (1-2 weeks). At the 3-5 leaf stage, plants were transferred to 5 
gallon pots contain.ng approximately 4 kg Mctro-Mix<Jo 3fi() and yn.wn u, maiuriiy 
These R 0 plants were sclf-pollinatcd and/or cross-pollinated with non-iraasgcnic inbrcds 
to obtain transgenic progeny. In the case of transgenic plants produced for the GBSS 
target, R\ seed produced from Ro pollinations was replanted. The Rj plants were grown 
to maturity and pollinated to produce R 2 seed in the quantities needed for the analyses. 

Example 20: Production and Regeneration of A Q Transgenic Material 

Part A Transformation and isolation of embryogenic callus. Six ribozyme constructs 
desenbed previously, targeted to A9 desaturase were transformed into regenetable Type 
II callus cultures as described herein. These 6 constructs consisted of 3 active/inactive 
pairs; namely, RPA85/RPA113, RPA114/RPA115, and RPA1 18/RPA1 19 A tout of 
1621 tissue targets were prepared, blasted, and placed into selection. From these blasting 
experiments 334 independent Basta®-resistam transformation events ("lines") were 
isolated from selection. Approximately 50% of these lines were analyzed via DNA PCR 
or GC/FAME as a means of determining which ones to move forward to regeneration and 
wh,ch ones to discard. The remaining 50% were not analyzed either because they had 
become non-embryogenic or contaminated. 



25 Part B Regeneration of A9 plants from transgenic calhis. Following analyses of the 
^genic callus, twelve lines were chosen per ribozyme construct for regeneration, with 
15 Ro plants to be produced per line. These lines generally consisted of 10 analysis- 
positive lines plus 2 negative controls, however, due to the poor regenerability of some of 
the cultures, plants were produced from less than 12 lines for constructs RPA113 

30 RPA115,RPA118,andRPA119. An overall total of 854 R 0 plants were regent 
from 66 individual lines (see Table X). When the plants reached maturity, self- or sib- 
pollinations were given the highest priority, however, when this was not possible cross- 
pollinations were made using the inbreds CQ806, CS716, OQ414, or HOi as' pollen 
donors, and occasionally as pollen recipients. Over 715 controlled pollinations have been 

35 made, with the majority (55%) being comprised of self- or sib-pollinations and the 
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minority (45%) being comprised of Fl crosses. K\ seed was collected approximately 45 
days post-pollination. 

Example 21: Production and Regeneration of Transgenic Maize for the GBSS 

5 ....... 

Pan A Transformation of embryogenic maize callus and the subsequent selection and 
establishment of transgenic cultures. RPA63 and RPA64, an active/inactive pair of 
ribozyme multimers targeted to GBSS, were inserted along with bar selection plasmid 
pDAB308 into Type II callus as described herein. A total of 115 Basta™-rcsistant 
10 independent transformation events were recovered from the selection of 590 blasted 
tissue targets. Southern analysis was performed on callus samples from established 
cultures of all events to determine the status of the gene of interest. 

Part B Regeneration of plants from cultures transformed with ribozymes targeted to 
15 GBSS as well as the advancement to the R2 generation. Plants were regenerated from 
Southern "positive" transgenic cultures and grown to maturity in a greenhouse. The 
primary regenerates were pollinated to produce Rj seed. From 30 to 45 days after 
pollination, seed was harvested, dried to the correct moisture content, and replanted. A 
total of 752 Rj plants, representing 16 original lines, were grown to sexual maturity and 
20 pollinated. Approximately 19 to 22 days after pollination, ears were harvested and 30 
kernels were randomly excised per ear and frozen for later analyses. 

Example 22: Testing of GBSS-Tanreted Ribozvmes in Maize Black Mexican Sweet 
(BMS) Stablv Transformed Callus 

25 

Part A Production of BMS callus stably transformed with GBSS and GBSS-targeted 
ribozymes. BMS does not produce a GBSS mRNA which is homologous to that found 
endogenously in maize. Therefore, a double transformation system was developed to 
produce transformants which expressed both target and ribozymes. "ZM" BMS 

30 suspensions (obtained from Jack Widholm, University of Illinois, also see W. F. Sheridan, 
"Black Mexican Sweet Com: Its Use for Tissue Cultures" in Maize for Biological 
Research, W. F. Sheridan, editor. University Press. University of North Dakokta, Grand 
Forks, ND, 1982, pp. 385-388) were prepared for helium blasting four days after 
subculture by transfer to a 100 x 20 mm Petri plate (Fisher Scientific, Pittsburgh. PA) and 

35 partial removal of liquid medium, forming a thin paste of cells. Targets consisted of 1 00- 
125 mg fresh weight of cells on a 1/2" antibiotic disc (Schleicher and Schuell, Keene, NH) 
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placed on blasting medium. DN6 [N6 salts and vitamins (Chu ct al 1978) ^0 g<L 
sucrose, 1.5 mg/L 2,4-dichlorophenoxyacetic acid (2.4-D). 25 mM [.-proline- pH= 5 8 
before autoclaving 20 minutes at I2I-C] solidified with 2% TC agar (JRH B^icnces 
_ Lenexa, Kans*) in 60 x 20 mm plates. DNA was precipitated onto gold particles. For 
> the first transformation, pDAB 426 (Ubi/GBSS) and pDAB 308 (35T/Bar> were used 
Targets were individually shot using DowElanco Helium Blasting Device I Wi,h n 
vacuum pressure of 650 mm Hg and at a distance of 1 5.5 cm from target to device nozzle 
each sample was blasted once with DNA/gold mixture at 500 psi. Immediately after 
blastmg, the antibiotic discs were transferred to DN6 medium made with 0.8% TC a«ar 
for one week of target tissue recovery. After recovery, each target was spread onto a 5 5 
cm Whatman #4 filter placed on DN6 medium minus proline with 3 mg/L Basta® 
(Hoechst, Frankfort. Germany). Two weeks later, the filters were transferred to fresh 
select™ medium with 6 mg/L Basta®. Subsequent transfers were done at two week 
mtervaU. Isolates were picked from the filters and placed on AMCF-ARM medium (N6 
T^l d ~ 2 °f/ U 7 C - 30 ^™ lOOmg^acidcaseinhydrolysatcand 
1 2.4-D 24 mM L-prohne; P H- 5.8 before autoclaving 20 minutes at 121«C) 

lu^T * % m ***** 6 mg/L ^ ,S0 ' ateS WCre — d by 
suDcuiture to fresh medium every two weeks, 

Basta^resistant isolates which expressed GBSS were subjected to a second 
^ansformanon. As with BMS suspensions, targets of transgenic callus were prepared 4 
da^ after subculture by spreading tissue onto 1/2" filters. However, AMCF-ARM with 
2/o TC agar was used for blasting, due to maintenance of transformants on AMCF-ARM 
select™ media. Each sample was covered with a sterile 104 nm mesh screen and blasting 

gus rr^r; Targct ? ue was with pdab 319 ^ 

GUS) and RPA63 (acave nbozyme multimer) or pDAB319 and RPA64 (inactive 
nbozymemultimer), or shot with pDAB319alone. Immediately after blasting, all targets 
were transferred to nonselective medium (AMCF-ARM) for one week of recovery 
Subsequently the targets were placed on AMCF-ARM medium containing two selection 
agents 6 mg/L Basta® and 2 Ug/L chlorsulfuron (CSN). The level of CSN was increased 
to 4 ug/L after 2 weeks. Continued transfer of the filters and generation of isolates was 
done as described in the first transformation, with isolates being maintained on AMCF- 
arm medium containing 6 mg/L Basta and 4 ng/L CSN. 

Part B Analysis of BMS stable transformants expressing GBSS and GBSS-targeted 
nbozymes. Isolates from the first transformation were evaluated by Northern blot 
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analysis for detection of a functional target gene (GBSS) and to determine relative levels 
ofexpresston. In 12 of 25 isolates analyzed, GBSS transcript was detected. A range of 
expression was observed, indicating an independence of transformation events Isolates 
generated from the second transformation were evaluated by Northern blot analysis for 
o detect,on of continued GBSS expression and by RT-PCR to screen for the presence of 
nbozyme transcript. Of 19 isolates tested from one previously transformed line IX 
expressed the active ribozyme, RPA63, and all expressed GBSS. GBSS was detected in 
each of 6 vector controls; ribozyme was not expressed in these samples. As described 
herem, RNase protection assay (RPA) and Northern blot analysis were performed on 
nbozyme-expressing and vector control tissues to compare levels of GBSS transcript i„ 
me presence or absence of active ribozyme. GBSS values wen, normalized to an internal 
control (A9 desaturase); Northern blot data is shown in Figure (25). Northern blot results 
revealed a significantly lower level of GBSS message in the presence of ribozyme as 
compared to vector controls. RPA data showed that some of the individual samples 
expressmg active ribozyme ("L« and "0") were significantly different from vector 
controls and similar to a nontransformed control. 

Example 23: Analysis of Pla nt and Callus M a t»« a t, 

Plant material co-transformed with the pDAB308 and one of the following 
nbozyme containing vectors, pRPA63, pRPA64, P RPA85, pRPA113, P RPA114 
PRPA1 15, pRPAl 18 or pRPAl ,9 were analyzed at the callus level, Ro level^ 

6-8 leaf stage DNA from the plant and callus material was prepared from lyophilized 

TZTT^ " Saghai - Maroof -^(^). Eight micrograms of each DNA was 
d,gestec I wtth the restriction enzymes specific for each construct using conditions 
suggested by the manufacturer (Bethesda Research Laboratory, Gaithersbutg, MD) and 
separated by agarose gel electrophoresis. The DNA was blotted onto nylon membrane as 

~b rr E r " D . ctcction ° f spccific s ~ ™»* dna 

separated by gel electrophoresis." J Mol. Biol. 98:503 and Southern, E 1980 "Gel 
electrophoresis of restriction fragments" Methods Enzmol. 69:152, which are 
incorporated by reference herein. 



35 



p k n "^ $SPCC,fiCf0r ^^^ 

Probe DNA was prepared by boiling 50 ng of probe DNA for 10 minutes then quick 
cooltng on ice before being added to the Ready-To-Go DNA labeling beads (Phatmacia 
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LKB. Piscataway, NJ) with 50 microcurics of a32p. dCT P (Amcrsham Life Science 
Arlington Heights. IL). Probes were hybridized to the genomic DNA on the nylon 
membranes. The membranes were washed at 60X in 0.25X SSC and 0 2% SDS for 45 
^ mmutes, blotted dry and exposed to XAR-5 film overnight with two mtensifying screens. 

The DNA from the RPA63 and RPA64 was digested with the restrict,, c,r,yro«s 
HindHI and EcoRI and the blots containing these samples were hybridized to the RPA63 
probe The RPA63 probe consists of the RPA63 ribozyme multimer coding region and 
should produce a single 1 .3 Kb hybridization product when hybridized to the RPA63 or 

0 RPA64 matenals. The 1.3 kb hybridization product should contain the enhanced 35S 
promoter, the AdhI intron, the ribozyme coding region and the nopaline synthase poly A 
3 end. The DNA from the RPA85 and RPA1.3 was digested with the restticLn 
enzymes Hmdlll an. I EcoRI and the blots containing these samples were hybridized to 
Ae RPA122 probe. RPA 122 is the 252 multimer ribozyme in pDAB 353 replacing the 

> GUS reporter. The RPA122 probe consists of the RPA122 ribozyme multimer cLg 
region and the nopaline synthase 3' end and should produce a single 2.1 kb hybridization 
product when hybridized to the RPA85 or RPA1 13 materials. The 2.1 kb hybridization 
product should contain the enhanced 35S promoter, the AdhI intron, the bar gene the 

1 VaT^^uT n0P4iinC ^ P ° ly A 3 ' Md The DN * from the 
I RPA 1 14 and RPA1 15 was digested with the restriction enzymes HindHI and Smal and 

the blots containing these samples were hybridized to the RPA1 15 probe The RPA1 15 

probe consist of the RPA1 15 ribozyme coding region and should produce' a single 1 2 kb 

hybndzation product when hybridized to the RPA1 14 or RPA1 15 materials. The I 2 kb 

hybndization product should contain the enhanced 35S promoter, the AdhI intron the 

Ta TL°1?P^T n0PaUnC Synth8SC P ° ,y A ^ ^ DNA fr ™ ^ 

RPA 18 and RPAI 19 was d,gested with the restriction enzymes HindHI and Smal and 

the blots contammg these samples were hybridized to the RPAI 18 probe The RPAI 18 

probe consist of the RPAI 18 ribozyme coding region and should produce a single 1 3 kb 

hybridization product when hybridized to the RPAI 18 or RPAI 19 materials The 1 3 kb 

hybridization product should contain the enhanced 35S promoter, the AdhI intron the 

nbozyme coding region and the nopaline synthase poly A 3' end. 
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Three hundred mg of actively growing callus were quick frozen on dry ice It was 
ground to a fine powder with a chilled Bessman Tissue Pulverizer (Spectrum, Houston, 
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TX) and extracted with 400*11 of 2x CTAB buffer (2% Hexadecyltrimethylammonium 
Bromide, 100 mM Tris pH 8.0, 20 mM EDTA, 1.4 M NaCl. 1% polyvinylpyrrol.done) 
The suspension was lysed at 65°C for 25 minutes, then extracted with an equal volume of 
chloroform:isoamyl alcohol. To the aqueous phase was added 0.1 volumes of 10% 
5 CTAB buffer (10% Hexadecyltrimethylammonium Bromide, 0.7 M NaCl). Following 
extraction with an equal volume of chloroform risoamy I alcohol. 0.6 volumes of cold 
isopropyl alcohol was added to the aqueous phase, and placed at -20°C lor 30 minutes 
After a 5 minute centrifugation at 14,000 rpm, the resulting precipitant was dried for 10 
minutes under vacuum. It was resuspended in 200 ul TE (lOmM Tris, ImMEDTA nil 
10 8.0) at 65"C for 20 minutes. 20% Chelex (Biorad, ) was added to the DN A to a 'final 
concentration of 5% and incubated at 56*C for 15-30 minutes to remove impurities The 
DNA concentration was measured on a Hoefer Fluorimeter (Hoefer, San Francisco). 

Example 25: PCR Analysis of Genomic Callus HNa 

Use of Polymerase Chain Reaction (PCR) to demonstrate the stable insertion of 
nbozyme genes into the chromosome of transgenic maize calli. 

Pan A Method used to detect riboTvmc DNA The Polymerase Chain Reaction (PCR) 
was performed as described in the suppliers protocol using AmpliTaq DNA Polymerase 
(GeneAmp PCR kit, Perkin Elmer, Cetus). Aliquots of 300 ng of genomic callus DNA 
1 Ml of a 50 JIM downstream primer (5 1 CGC AAG ACC GGC AAC AGG 3' ) 1|H of an' 
upstream primer and ipl of Perfect Match (Stratagene, Ca) PCR enhancer were mixed 
with the components of the kit The PCR reaction was performed for 40 cycles using the 
following parameters; denaturation at 94'C for 1 minute, annealing at 55«C for 2 
minutes, and extension at 72«C for 3 mins. An aliquot of 02x vol. of each PCR reaction 
was electrophoresised on a 2% 3:1 Agarose (FMC) gel using standard TAE agarose ad 
conditions. 
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30 Pan B Upstream primer used for detecti M ° r rase ribn^ genes 

RPA85/RPA113 251 multimer fused to BAR 3' ORF 

RPA1 14/RPA 1 15 258 ribozyme monomer 

RPA 1 1 8/RPA 1 1 9 452 ribozyme multimer 

5'TGG ATT GAT GTG ATA TCT CCA C 3' 
35 This primer is used to amplify across the Eco RV site in the 35S promoter. 
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Primers were prepared using standard oligo synthesis protocols on an Applied 
Biosysteras Model 394 DNA/RNA synthesizer. 

Example 26: Preparation of Total RNA fro m Transgenic Maize Calli and Plan t 
5 : 

Part A Preparation of total RNA from transgenic non-regcncrablc and rcgcncroblc callus 
tissue. Three hundred milligrams of actively growing callus was quick frozen on dry ice. 
The tissue was ground to a fine powder with a chilled Bessman Tissue Pulverizer 
(Spectrum, Houston, TX) and extracted with RNA Extraction Buffer (50 mM Tris-HCl 
10 pH 8.0, 4% para-amino salicylic acid, 1% Tri-iso-propylnapthalenesulfonic acid, 10 mM 
dithiothreitol, and 10 mM Sodium meta-bisulfite) by vigorous vortcxing. The homogenate 
was then extracted with an equal volume of phenol containing 0.1% 8-hydroxyquinoline. 
After centrifugation, the aqueous layer was extracted with an equal volume of phenol 
containing chlorofornrisoamyl alcohol (24:1), followed by extraction with 
15 chlorofomvoctanol (24:1). Subsequently, 7.5 M Ammonium acetate was added to a final 
concentration of 2.5 M, the RNA was precipitated for I to 3 hours at 4«C Following 
4'C centrifugation at 14,000 rpm, RNA was resuspended in sterile water, precipitated 
with 2.5 M NH 4 OAc and 2 volumes of 100% ethanol and incubated ovemite at -20°C. 
The harvested RNA pellet was washed with 70% ethanol and dried under vacuum. RNA 
was resuspended in sterile H2O and stored at -80°C. 



20 



25 



Part B Preparation of total RNA from transgenic maize plants. A five cm section (-150 
mg) of actively growing maize leaf tissue was excised and quick frozen in dry ice. The 
leaf was ground to a fine powder in a chilled mortar. Following manufactory 
instructions, total RNA was purified from the powder using a Qaigen RNeasy Plant Total 
RNA kit (Qiagen Inc., Chatsworth, CA). Total RNA was released from the RNeasy 
columns by two sequential elution spins of prewarmed (50°C) sterile water (30 til each) 
and stored at • 80°C. 

30 Example 27: Use of RT-PCR Analysis to Demonstrat e Expression of Ribozvmc RNA in 
Transgenic Maize Calli and Plants ~ — — 

Part A Method used to detect ribozyme RNA. The Reverse Transcription-Polymerase 
Chain Reaction (RT-PCR) was performed as described in the suppliers protocol using a 
35 thermostable rTth DNA Polymerase (rTth DNA Polymerase RNA PCR kit, Perkin 
Elmer Cetus). Aliquots of 300 ng of total RNA (leaf or callus) and 1 jil of a' 15 U M 
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downstream primer (5' CGC AAG ACC GGC AAC AGG 3' ) were mixed with the RT 
components of the kit. The reverse transcription reaction was performed in a 3 step 
ramp up with 5 minute incubations at 60 6 C, 65'C, and 70°C. For the PCR reaction I pi 
of upstream primer specific for the ribozyme RNA being analyzed was added to the' RT 
5 reaction with the PCR components. The PCR reaction was performed for 35 cycles using 
the following parameters; incubation at 96»C for I minmc. dcnaiura.i,,,, »i 94'f for .1(1 
seconds, annealing at 50°C for 30 seconds, and extension at 72"C for 3 mins An aliquot 
of0.2x vol. of each RT-PCR reaction was electrophorescd on a 2% 3:1 Agarose (FMC) 
gel using standard TAE agarose gel conditions. 

Part B Specific upstream primers used for detection of GBSS ribozymes. 
GBSS Active and Inactive Multimer 

5* CAG ATC AAG TGC AAA GCT GCG GAC GGA TCT G 3 1 
This primer covers the Adh I intron footprint upstream of the first ribozyme arm 
15 GBSS 918 Intron (-) Monomer 

5' ATC CGA TGC CGT GGC TGA TG 3' 

This primer covers the 10 base pair ribozyme arm and the first 6 bases of the ribozyme 
catalytic domain. 7 

GBSS ribozyme expression in transgenic callus and plants was confirmed by RT-PCR. 

GBSS mummer ribozyme expression in stably transformed callus was also determined by 
Ribonuclease Protection Assay. 

Part C Specific upstream primers used for detection of A9 desaturase ribozymes 
25 RPA85/RPA113 252muitimerfiisedtoBAR3 , ORF 
5' GAT GAG ATC CGG TGG CAT TG 3' 

This primer spans the junction of the BAR gene and the RPA85/1 13 ribozyme 
RPA1 14/RPA1 15 259 ribozyme monomer 
5' ATC CCC TTG GTG GAC TGA TG 3' 

This primer covers the 10 base pair ribozyme arm and the first 6 bases of the ribozyme 
catalytic domain. 

RPA1 18/RPA1 19 453 ribozyme multimer 

5' CAG ATC AAG TGC AAA GCT GCG GAC GGA TCT G 3' 
This primer covers the Adh I intron footprint upstream of the first ribozyme arm 
Expression of A9 desaturase ribozymes in transgenic plant lines 85-06, 1 1 3-06 and 85-15 
were confirmed by RT-PCR. 
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Pnracrs were prepared using standard oligo synthesis protocols on an Applied 
Biosystems Model 394 DNA/RNA synthesizer. 

Example28: Demonstration of Ribozvme Mediated Reduction in Tar „dm A r gve|s 

5 in Transgenic Maize Callus and Plants 

Pan A Northern analysis method which was used to demonstrated reductions in uruct 
mRNA levels. Five pg of total RNA was dried under vacuum, resuspended in loading 
buffer (20mM phosphate buffer p H 6.8, 5mM EDTA; 50% formamide- 16% 
10 formaldehyde: 10% glycerol) and denatured for 10 minutes at 65'C. Electrophoresis was 
at 50 volts through 1 % agarose gel in 20 mM phosphate buffer (pH 6.8) with buffer 
regulation. BRL 0.24-9.5 Kb RNA ladder (Gibco/BRL, Gaithersburg, MD) were 
sumed in gels with ethiduim bromide. RNA was transferred to GeneScreen membrane 
filter ( DuPont NEN, Boston MA) by capillary transfer with sterile water 
5 Hybr.dtzat.on was performed as described by DeLeon et al. (1983) at 42 "C the filters 
were washed at 55 «>C to remove non-hybridized probe. The blot was probed 
sequentially with cDNA fragments from the target gene and an internal RNA control gene 
The mtemal RNA standard was utilized to distinguish variation in target mRNA levels 
due to loadmg or handling error* from true ribozyme mediated RNA reductions. For each 
3 samp e the level of target mRNA was compared to the level of control mRNA within that 
sample. Fragments were purified by Qiaex resin (Qaigen Inc. Chatsworth, CA) from Ix 
TAE agarose gels. They were nick-translated using an Amersham Nick Translation Kit 
(Amersham Corporation, Arlington Heights , III.) with alpha 32 P dCTp 
Autoradiography was at -70- C with intensifying screens (DuPont, Wilmington DE) for 
) one to three days. Autoradiogram signals for each probe were measured after a 24 hour 
ca X .c 0 Ja^ by dCnSit0mCter "* 3 rati ° ° f Omental control mRNA levels was. 

Ribonuclease protection assays were performed as follows: RNA was prepared using the 
Qtagen RNeasy Plant Total RNA Kit from either BMS protoplasts or callus malt, 
The probes were made using the Amnion Maxiscript kit and were typically | 0 « cpm/ 
microgram or higher. The probes were made the same day they were used. They were gel 
punfied, resuspended in RNase-freelOmM Tris (pH 8) and kept on ice. Probes were 
diluted to 5xl05c P m/u. immediately before use. 5 ug of RNA derived from callus or 20 1 
of RNA denved from protoplasts was incubated with 5 x I0 J cpm of probe in 4M 
Guanine Buffer. [4M Guanidine Buffer: 4M Guanidine Thiocyanate/0.5% 
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Sarcosyl/25mM Sodium Citrate (pH 7.4)]. 40 ul of PCR mineral oil was added to each 
tube to prevent evaporation. The samples were heated to 95° for 3 minutes and placed 
immeAately into a 45<> water bath. Incubation continued overnight. 600 ul of RNase 
Treatment Mix was added per sample and incubated for 30 minutes at 370 C (RNase 
Treatment Mix: 400 mM NaCI. 40 units/ml RNasc A and Tl). .2 u. of 20% SDS were 
added per tube, immediately followed by add.tion of 12 ul (20 m|S / m |, p n>(cma(ic K |(> 
each tube. The tubes were vortexed gently and incubated for 30 minutes at 3?o C 7 50 ul 
of room temperature RNase-free isopropanol was added to each tube, and mixed by 
mverting repeatedly to get the SDS into solution. The samples were then microfuged at 
top speed at room temperature for 20 minutes. The pellets were airdried for 45 minutes 
15 ul of RNA Running Buffer was added to each tube, and vortexed hard for 30 seconds' 
(RNA Runnmg Buffer: 95% Formamide/20mM EDTA/CP/o Bromophenol Blue/0 1% 
Xylene Cyanol ). The sample was heated to 95° C for 3 minutes, and loaded onto an 8% 
denatunng acrylamide gel. The gel was vacuum dried and exposed to a phosphorimager 
15 screens for 4 to 12 hours. 8 

Part B Results demonstrating reductions in GBSS mRNA levels in nongenerable callus 

ZZL b rj ° BSS ^ GBSS *** RNA - ^ Potion of 

nonrenewable callus expressmg RNAs for the GBSS target gene and an active multimer 

etrj.olsT ! T ^ WM PWf0rmCd - A,S ° M ™ transgenics 
expressmg GBSS and a nbozyme (-) control RNA. Total RNA was prepared from the 

transgenic lines. Northern analysis was performed on 7 ribozyme (-) control 

^fo^ams and 8 active RJ>A63 lines. Probes for this analysis were a full length maize 

GBSS cDNA and a matze A9 cDNA fragment. To distinguish variation in GBSSmRNA 

handIing ^ ^ rib02ymC mCdiatCd ™ A red «. the 
evel of GBSS mRNA was compared to the level of A9 mRNA within that sample The 

level of full length GBSS transcript was compared between ribozyme expressing and 

nbozyme nunus calH to identify lines with ribozyme mediated target RNA reductions 

Blot to blot vanation was controlled by performing duplicate analyses. 

ArangeinGBSS/A9nitiowas observed between ribozyme (-) transgenics The 
target mRNA is produced by a transgene and may be subject to more variation in 
expression then the endogenous A9 mRNA. Active lines (RPA 63) AA EE KK and JJ 
were shown to reduce the level of GBSS/A9 most significantly, as much as lo'fold as 
compared to ribozyme (-) control transgenics this is graphed in Figure 25. Those active 
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lines were shown to be expressing GBSS targeted ribozyme by RT-PCR as described 
herein. 



Reductions in GBSS mRNA compared to A9 mRNA were also seen by RNAse 
5 protection assay. 

Part C Demonstration of reductions in A9 desaturasc levels in transgenic plants 
expressing ribozymes targeted to A9 desaturase mRNA. The high stearate transgenics, 
RPA85-06 and RPA85-15, each contained an intact copy of the fused ribozyme multimer 

10 gene. Within each line, plants were screened by RT-PCR for the presence of ribozyme 
RNA. Using the protocol described in Example 27. RPA85 ribozyme expression was 
demonstrated in plants of the 85-06 and 85-15 lines which contained high stearic acid in 
their leaves. Northern analysis was performed on the six high stearate plants from each 
line as well as non-transformed (NT) and transformed control (TC) plants. The probes 

15 for this analysis were cDNA fragments from a maize A9 desaturase cDNA and a maize 
actin cDNA. To distinguish variation in A9 mRNA levels due to loading or handling 
errors from true ribozyme mediated RNA reductions, the level of A9 mRNA was 
compared to the level of actin mRNA within that sample. Using densitometer readings 
described above a ratio was calculated for each sample. A9/actin ratio values ranging from 

20 0.55 to 0.88 were calculated for the 85-06 plants. The average A9/actin value for non- 
transformed controls was 2.7. There is an apparent 4 fold reduction in A9/actin ratios 
between 85-06 and NT leaves. Comparing A9/actin values between 85-06 high stearate 
and TC plants, on average a 3 fold reduction in A9/actin was observed for the 85-06 
plants. This data is graphed in Figure 26. Ranges in A9/actin ratios from 0.35 to 0.53, 

25 with an average of 0.43 were calculated for the RPA85-15 high stearate transgenics. In 
this experiment the average A9/actin ratio for the NT plants was 1.7. Comparing the 
average A9/actin ratio between NT controls and 85-15 high stearate plants, a 3.9 fold 
reduction in 85-15 A9 mRNA was demonstrated. An apparent 3 fold reduction in A9 
mRNA level was observed for RPA85-15 high stearate transgenics when A9/actin ratios 

30 were compared between 85-15 high stearate and normal stearate (TC) plants. These data 
are gTaphed in Figure 27. These data indicate ribozyme-mediated reduction of A9- 
desaturase mRNA in transgenic plants expressing RPA85 ribozyme, and producing 
increased levels of stearic acid in the leaves. 

35 Example 29: Evidence of A 9 Desaturase Down Regulation in Mai?e Leaves as a Result nf 
Active Ribozvme Activity 
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Plants were produced which were transformed with inactive versions of the A9 
desaturase ribozyme genes. Data was presented demonstrating control levels of leaf 
stearate in the inactive A9 ribozyme transgenic lines RPA 1 1 3-06 and 113-17. Ribozyme 
5 expression and northern analysis was performed for the RPA 1 1 3-06 line A9 desaturase 
protein levels were determined in plants of the RPA 1 13-17 line. Rihnzymc expression 
was measured as described herein. Plants 1 13-06-04, -07, and -10 expressed detectable 
levels of RPA 1 13 inactive A9 ribozyme. Northern analysis was performed on 5 plants of 
the 113-06 line with leaf stearate ranging from 1.8 - 3.9 %, all of which fall within the 

10 range of controls. No reduction in A9 desaturase mRNA correlating with ribozyme 
expression or elevations in leaf stearate were found in the RPA 1 13-06 plants as compared 
to controls, graphed in Figure 28. Protein analysis did not indicate any reduction in A9 
desaturase protein levels correlating with elevated leaf stearate in the RPA 1 13-17 plants. 
This data is graphed in Figure 29(a). Taken together, the data from the two RPA 1 13 

15 inactive transgenic lines indicate ribozyme activity is responsible for the high strearate 
phenotype observed in the RPA85 lines. The RPA85 ribozyme is the active version of 
the RPA1 13 ribozyme. 

Example 30: Demonstration of Ribozyme Mediated Reduction in Stearovl-ACP A9 
20 Desaturase levels in Maize Leaves (RO) A9 Desaturase Levels in Maize Leaves (R0) 

Part A Partial purification of stearoyl-ACP A9-desaturase from maize leaves. All 
procedures were performed at 4°C unless stated otherwise. Maize leaves (50 mg) were 
harvested and ground to a fine powder in liquid N2 with a mortar and pestle. Proteins 

25 were extracted in one equal volume of Buffer A consisting of 25 mM sodium-phosphate 
pH 6.5, I mM ethylenediaminetetraacetic acid, 2 mM dithiothreitol, 10 mM 
phenylmethylsulfonyl fluoride, 5 mM leupeptin, and 5 mM antipapin. The crude 
homogenate was centrifuged for 5 minutes at 10,000 x g. The supernatant was assayed 
for total protein concentration by Bio-Rad protein assay kit (Bio-Rad Laboratories, 

30 Hercules, CA). One hundred micrograms of total protein was brought up to a final 
volume of 500 U.I in Buffer A, added to 50 uJ of mixed SP-sepharose beads (Pharmacia 
Biotech Inc., Piscataway, NJ), and resuspended by vortexing briefly. Proteins were 
allowed to bind to sepharose beads for 10 minutes while on ice. After binding, the A9 
desaturase-sepharose material was centrifuged (10,000 x g) for 10 seconds, decanted, 

35 washed three times with Buffer A (500 u.1), and washed one time with 200 mM sodium 
chloride (500 |tl). Proteins were eluted by boiling in 50 ill of Treatment buffer (125 mM 
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Tris-CI pH 6.8, 4% sodium dodecyl sulfate, 20% glycerol, and 10% 2-mercaptoethanol) 
for 5 mintues. Samples were centrifuged (1 0,000 x g) for 5 minutes. The supernatant was 
saved for Western anaylsis and the pellet consisting of sepharose beads was discarded. 

5 Pan B Western analysis method which was used to demonstrate reductions in sicaroyl- 
ACP A9 desaturase. Partially purified proteins were separated on sodium dodecyl sulfate 
(SDS)-polyacrylamide gels ( 1 0% PAGE) as described by Lacmmli, U. K. (1970) Cleavage 
of structural proteins during assembly of the head of phage T4, Nature 227, 660-685. To 
distinguish variation in A9 desaturase levels, included on each blot as a reference was 
10 purified and quantified overexpressed A9 desaturase from E. coli as described hercforth. 
Proteins were electrophoretically transferred to ECL™ nitrocellulose membranes 
(Amersham Life Sciences, Arlington Heights, Illinois) using a Pharmacia Semi-Dry Blotter 
(Pharmacia Biotech Inc., Piscataway. NJ), using Towbin buffer (Towbin ei al. 1979) 
The nonspecific binding sites were blocked with 10% dry milk in phosphate buffer saline 
for I h. Immunoreactive polypeptides were detected using the ECL™ Western Blotting 
Detection Reagent (Amersham Life Sciences. Arlington Heights, Illinois) with rabbit 
annsemm raised against E. coli expressed maize A9 desaturase. The antibody was 
produced according to standard protocols by Berkeley Antibody Co. The secondary 
antibody was goat antirabbit serum conjugated to horseradish peroxidase (BioRad). 
Autoradiograms were scanned with a densitometer and quantified based on the relative 
amount of purified E coli A9 desaturase. These experiments were duplicated and the 
mean reduction was recorded. 
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Part C Demonstration of Reductions in A9 desaturase levels in R0 maize leaves 
expressing ribozymes targeted to A9 desaturase mRNA. The high stearate transgenic line 
RPA85-15, contains an intact copy of the fused multimer gene. A9 desaturase was' 
partially purified from R0 maize leaves, using the protocol described herein. Western 
analysis was performed on ribozyme active (RPA85-15) and ribozyme inactive 
(RPAU3-17) plants and nontransformed (Hill) plants as described above in part B The 
30 natural variation of A9 desaturase was determined for the nontransformed line (Hill) by 
Western analysis see Figure 29 A. No reduction in A9 desaturase was observed with the 
ribozyme inactive line RPA1 13-17. all of which fell within the range as compared to the 
nontransformed line (Hill). An apparent 50% reduction of A9 desaturase was observed 
in six plants of line RPA85-1 5 (Figure 29 B) as compared with the controls. Concurrent 
35 with this, these same six plants also had increased stearate and reduced A9 desaturase 
mRNA (As described in Examples 28 and 32). However, nine active ribozyme plants 
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from line RPA85-I5 did not have any significant reduction as compared with 
nontransformed line (Hill) and inactive ribozyme line (RPA1 13-17) (Figures 29 A and B). 
Collectively, these results suggest that the ribozyme activity in the six plants from line 
RPA85- 1 5 is responsible for the reduced A9 desaturase. 

5 

Example 3 1: £. co/i Expression and Purification of Maize A-9 desaturase enzyme 

Part A The mature protein encoding portion of the maize A-9 desaturase cDNA was 
inserted into the bacterial T7 expression vector pET9D (Novagen Inc., Madison, WI). 
The mature protein encoding region was deduced from the mature castor bean 
polypeptide sequence. The alanine at position 32 (nts 239-241 of cDNA) was designated 
as the first residue. This is found within the sequence Ala.Val.Ala.Ser.Met.Thr. 
Restriction endonuclease Nhe I site was engineered into the maize sequence by PCR 
modifying GCCTCC to GCTAGC and a BamHl site was added at the 3' end. This does 
not change the amino acid sequence of the protein. The cDNA sequence was cloned into 
P ET9d vector using the Nhe I and Bam HI sites. The recombinant plasmid is designated 
as pDAB428. The maize A-9 desaturase protein expressed in bacteria has an additional 
methionine residue at the 5' end This pDAB428 plasmid was transformed into the 
bacterial strain BL21 (Novagen, Inc., Madison, WI) and plated on LB/kanamycin plates 
(25 mg/ml). Colonies were resuspended in 10 ml LB with kanamycin (25 mg/ml) and 
IPTG (ImM) and were grown in a shaker for 3 hours at 37°C. The cells were harvested 
by centrifugationat 1000xgat4Tfor 10 minutes. The cells were lysed by freezing and 
thawing the cell pellet 2X, followed by the addition of 1 ml lysis buffer (10 mM Tris-HCI 
pH 8.0, 1 mM EDTA, 150 mM Nad, 0.1 % Triton X100, 100 ug/ml DNAse I, 100 
ug/ml RNAse A, and 1 mg/ml lysozyme). The mixture was incubated for 15 minutes at 
25 37°C and then centrifuged at 1000 Xg for 10 minutes at 4»C. The supernatant is used as 
the soluble protein fraction. 

The supernatant, adjusted to 25 mM sodium phosphate buffer (pH 6.0), was 
chilled on ice for 1 nr. Afterwards, the resulting flocculant precipitant was removed by 
centrifugation. The ice incubation step was repeated twice more after which the solution 

30 remained clear. The clarified solution was loaded onto a Mono S HR 10/10 column 
(Pharmacia) that had been equilibrated in 25 mM sodium phosphate buffer (pH 6.0). 
Basic proteins bound to the column matrix were eluted using a 0-500 mM NaCI gradient 
over 1 hr (2 ml/min; 2 ml fractions). The putative protein of interest was subjected to 
SDS-PAGE, blotted onto PVDF membrane, visualized with coomassie blue, excised, and 

35 sent to Harvard Microchem for amino-terminal sequence analysis. Comparison of the 
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protein's amino terminal sequence to that encoded by the cDNA clone revealed that the 
protein was indeed A 9. Spectrophotometry analysis of the diiron-oxo component 
associated with the expressed protein (Fox et al., 1993 Proc. Natl. Acad. Sci. USA. 90. 
2486-2490), as well as identification using a specific nonheme iron stain (Lcong ct al 
1 992 Anal. Biochem. 207, 3 1 7-320) confirmed that the purified protein was A-9. 

Part B Production of polyclonal antiserum 

The E. coli produced A-9 protein, as determined by amino terminal sequencing, was 
gel purified via SDS-PAGE, excised, and sent in the gel matrix to Berkeley Antibody' Co., 
Richmond, CA, for production of polyclonal sera in rabbits. Titers of the antibodies 
against A-9 were performed via western analysis using the ECL Detection system 
(Amersham, Inc.) 

Part C Purification of A9 desaturase from corn kernels 

Protein Precipitation: A9 was purified from com kernels following homogenization using 
a Warring blender in 25 mM sodium phosphate buffer (pH 7.0) containing 25 mM 
sodium bisulfite and a 2.5% polyvinylpolypyrrolidone. The crude homogenate was 
filtered through cheesecloth, centrifuged (10,000xg) for 0.25 h and the resulting 
supernatant was filtered once more through cheesecloth. In some cases, the supernatant 
was fractionated via saturated ammonium sulfate precipitation by precipitation at 20% 
v/v followed by 80% v/v. Extracts obtained from high oil germplasm were fractionated by 
adding a 50% polyethylene glycol solution (mw-8000) at final concentrations of 5- and 
25% v/v. In all cases, the A9 protein precipitated at either 80% ammonium sulfate or 
25% polyethylene glycol. The resulting pellets were then dialyzed extensively in 25mM 
sodium phosphate buffer (pH 6.0). 

Cation Exchange Chromatography: The solubilized pellet material described above was 
clarified via centrifugation and applied to Mono S HR10/10 column equilibrated in 25 
mM sodium phosphate buffer (pH 6.0). After extensive column washing, basic proteins 
bound to the column matrix were eluted using a 0-500 mM NaCI gradient over 1 hr (2 
ral/min: 2 ml fractions). Typically, the A9 protein eluted between 260-and 350 mM 
NaCI., as determined by enzymatic and western analysis. After dialysis, this material 
was further fracionated by acyl carrier protein (ACP)- sepharose and phenyl superose 
chromatography. 
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Acyl Carrier Protein-Sepharose Chromatography: ACP was purchased from Sigma 
Chemical Company and purified via precipitation at pH 4.1 (Rock and Cronan. 1981 J. 
Biol. Chem. 254, 7116-7122) before linkage to the beads. ACP-sepharose was prepared 
by covalently binding 100 mg of ACP to cyanogen bromide activated sepharose 4B beads 
5 essentially as described by Pharmacia, Inc., in the package insert. After linkage and 
blocking of the remaining sites with glycine, the ACP-scpharo.se maicrial was packed into 
a HR 5/5 column (Pharmacia, Inc.) and equilibrated in 25 niM sodium phosphate buffer 
(pH 7.0). The dialyzed fractions identified above were then loaded onto the column 
(McKeon and Stumpf, 1982 J. Biol. Chem. 257, 12141-12147; Thompson et al 1991 

10 Proc. Natl. Acad. Sci. USA 88, 2578-2582). After extensive column washing ACP- 
bmding proteins were eluted using I MNaCI. Enzymatic and western analysis, followed 
by ammo terminal sequencing, indicated that the eluent contained A-9 protein. The A-9 
protein purified from com was determined to have a molecular size of approximately 38 
kDa by SDS-PAGE analysis (Hames, 1981 in Gel Electrophoresis of Proteins- A 

15 Practical Approach , eds Hames BD and Rickwood, D. , IRL Press, Oxford). 

Phenyl Sepharose Chromatography: The fractions containing A9 obtained from the ACP- 
Sepharose column were adjusted to 0.4 M ammonium sulfate (25 mM sodium phosphate 
pH 7.0) and loaded onto a Pharmacia Phenyl Superose column (HR 10/10). Proteins were' 
eluted by running a gradient (0.4 - 0.0 M ammonium sulfate) at 2 ml/min for 1 hour The 
A9 protein typically eluted between 60- and 30 mM ammonium sulfate as determined by 
enzymatic and western analysis. 

Example 32: Evidence for thr Increase in Stearic Acid in L eav ~ ac „ d~„u „<• 
Transformation of Plants wit h A9 Desaturase Ribozvmes ~~~ 
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Part A Method used to determine the stearic acid levels in plant tissues. The procedure 
for extraction and esterification of fatty acids from plant tissue was modified from a 
described procedure (Browse et. al., 1986. Anal. Biochem. 152, 141-145). One to 20 mg 
of plant tissue was placed in Pyrex 13 mm screw top test tubes. After addition of 1 ml of 
methanolic HCL (Supelco, Bellefonte, PA), the tubes were purged with nitrogen gas and 
30 sealed. The tubes were heated at 80»C for 1 hour and allowed to cool. The heating in the 
presence of the methanolic HCL results in the extraction as well as the esterification of 
the fatty acids. The fatty acid methyl esters were removed from the reaction mixture by 
extraction with hexane. One ml of hexane and 1 ml of 0.9% (w/v) NaCI was added 
followed by vigorous shaking of the test tubes. After centrifugation of the tubes at 2000 
35 rpm for 5 minutes the top hexane layer was removed and used for fatty acid methyl ester 
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analysis. Gas chromatograph analysis was performed by injection of 1 m of the sample 
on a Hewlett Packard (Wilmington. DE) Series II model 5890 gas chromatograph 
equipped with a flame ionization detector and a J&W Scientific (Folsom CA) DB-23 
column. The oven temperature was 150'C throughout the run and the now of the earner 
gas (helium) was 80 cm/sec. The run time was 20 minutes. The conditions allowed for 
the separatum of the 5 fatty acid methyl esters of interest: CI 6:0, palmi.yl methyl ester 
C18:0, stearyl methyl ester; C18:l. oleoyl methyl ester; CI8:2, linolcoyl methyl ester 
and C18:3, linolenyl methyl ester. Data collection and analysis was performed with a 
Hewlett Packard Series II Model 3396 integrator and a PE Nelson (Perkin Elmer 
Norwalk, CT) data collection system. The percentage of each fatty acid in the sample 
was taken directly from the readouts of the data collection system. Quantitative amounts 
of each fatty acid were calculated using the peak areas of a standard (Matreya Pleasant 
Gap. PA) winch consisted of a known amount of the five fatty acid methyl esters The 
amount calculated was used to estimate the percentage, of total fresh weight, represented 
by the five fatty acids in the sample. An adjustment was not made for loss of fatty acids 
during the extraction and esterificarion procedure. Recovery of the standard sample, after 
subjecting it to the extraction and esterification procedure (with no tissue present), ranged 
from 90 to 100'/. depending on the original amount of the sample. The presence of plant 
tissue in the extraction mixture had no effect on the recovery of the known amount of 
20 standard. 
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Part B Demonstration of an increase in stearic acid in leaves due to introduction of A9 
desaturase ribozymes. Leaf tissue from individual plants was assayed for stearic acid as 
descnbedinPartA. A total of 428 plants were assayed from 35 lines transformed with 
active A9 desaturase ribozymes (RPA85, RPA114. RPA118) and 406 plants from 31 
lines transformed with A9 desaturase inactive ribozymes (RPA1 13. RPA1 15. RPA1 19) 
Table XI summarizes the results obtained for stearic acid levels in these plants Seven 
percent of the plants from the active lines had stearic acid levels greater than 3%, and 2% 
had levels greater than 5%. Only 3% of the plants from the inactive lines had stearic acid 
levels greater than 3%. Two percent of the control plants had leaves with stearate greater 
than 3%. The controls included 49 non-transformed plants and 73 plants transformed 
w.th a gene not related to A9 desaturase. There were no plants from the inactive lines or 
controls that had leaf stearate greater than A%. Two of the lines transformed with the 
active A9 desaturase ribozyme RPA85 produced many plants which exhibited increased 
stearate in their leaves. Line RPA85-06 had 6 out of the 15 plants assayed with stearic 
acd levels which were between 3 and 4 %, about 2-fold greater than the average of the 
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connote (Figure 30) The average stearic acid conten, of ,he con.ro, plants (12' pi,„ B ) 
was U9H (SD*/.0.49%). The average stearic acid content of.eaves L ,i„ 
wa* 2, 6 % <*, 0 ,7%>. une RP A85 ., S had , m of , 5 

MM were approxiraarely 4-fold grearer th» ,h, average of the con.ro!* (Figure 
31). The average leaf stearic acid con.en. of line RPAS5-I5 was 3.113% ( ./-2 51%, 
When the leaf analysis was repeated for RPA85-I5 plants, the .stearic acid level in leave* 
(rem ptas previously shown ,„ have n0Imal slearK ^ |cvc|s 

leaves from plan* wro, high sttaric acid were again found <o be high (Figure 31) The 
a..,nc acid level* in leaves of plants from roo , ines which wm > . ™ 

) tnaenve A9 desaturaae rioozyrae, RPA1I3, is shown i„ P| Bllres n and 33. RPaT^ 
had mree plan.* with a srearic add co„.en. of 3% o, higher. The average s.caric add 
comem of leaves from line RP A | , 3 -06 „„ 2.26% C,. 0 .65%) rpa m n ZIZ 
plana wim leaf *,earic add comen. grea-er ma, 3%. The average s,^c ! LI o 
leaves ftom line RPA, 13-17 was 1.76% (+ «,.2,%>. Th. *,eari c acid eonre . ^ 
from 15 eon™, pi™ is shown i„ Figure 34. Tne oarage arearic aeid comen. for lZ 
5 COmrol r» < + '-° When compared .„ me com™, and 

desaouase nbozyme dara. me resulu omatoed for a«arte add eon.e„. i„ rpa 85 .06 am, 

^ri— " " — *" - - *~ - <* * 
Example 33: Inherittnce of she Hirt d earie Add Tv,i, i. . 

Fan A Ream* obtained wim stearie aeid level* to leaves from offspring of high naric 
acd plan,*. tats ta line WA85 ., 5 WOT ^ ^ Jj*^ 

^s after po lmarion ^ ™^ „ ere ^ ^ _ ^ 
RPAS5-15 pta and placed in a tube on media as described herein for gro W „ of 
regenera^ plants. After me plan* were .ransferred ,„ me greenhouse, f^ ae J 
nalys,* was performs, on me leaf ,i ss „,. F l8 ure 3S siavls lht stMijc ^ * J" 
leave* from ■Odifferenrpl^foeonaof,,,,^^.,^,^, 
of me p an,* tad hi* leaf srearic add a*d 50% tad norma, leaf stearie acid ™7x 
shows d,, «*„,„ ft,,, 5 diffcrem m „ a of RPA85-15 p„nu. The number of an 
with high stearic acid ranged from 20 to 50% P 

Pan B Results demonaradng reductions in & deaaurase | evels jn next ^ 
matz« leave* expressing riboiymes targeted to AO desaturase mRNA. ,„ „„. 
marae p, mt * ma. ,howed a hi* area,,, conten, (see above Pan a, 4 o dea Ce I 
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pamally purified from Rl maize leaves, using the protocol described here.n Western 
analysts was performed on several of the high stearate plants. In leaves of next generation 
Plants.a40.50o/oreducttonof A9 desaturase was observed in those plants thatTadTi 
stearate content (Figure 36). The reduction was comparable to RO maize leaves Th s 

' Sr^T CithCr ^ P,amS Cr ° SSCd W,,h RPA85 - 15 P»»e« or 

RPA85-15 plants crossed with self or sibling, Therefore, this suggests that the gene 
encoding the nbozyme is heritable. *^ 

Exampfc 34: Increase in Stearic Acid in Plan, Tissue, . I.in,. a r _ £ _ m _ L 

Part A Method for entering somatic embryos of maize. The production and 
regeneratton of maiae embryogenic callus h« been described herein, somatic embryos 
m*eup. 1 arg.p.r,„f m isembryog.„,cca.,us. The somatic embryos continue* TZ 
- caUus because the caHus was transfer every two weeks. The somatic emb^ 
embryogemc cata comma* to prolix b „, usually „ * m 

entbry. development because of the 2.4-D in the culture medium. The somati emb™ 

ZZt T T" b — *" ca,,us WM » • «•—*» 

de^nbed hetem. Dunng regenoarion me somaric embtyo formed a root and a shoo, and 
«*« development as an embryo. Somatic embryos were made ,o deveiop as se* 
embntos bey^d wly mge of devdopmen[ ^ J ^ 

^ 1 T"* mediUm ~ «■ — ~ involved r sf : 

Mul i " " MUmhigt ^ Sk ^ — <MS; described by 

Murasb geandSkoogtn 1962) which conrains «% (w/v, sucrose and no ptmx 

The callus was g„wn on MS medium wirh 6% sucrcse for 7 d.vs and ZTe 
somanc embryos were individually We^d , 0 M S medium with 6% sucl ™ „ 

^ed r d<AB ; ) -, The soma,ic OTb,yM were f " - Zil 

composts of somanc .mbryos grown on ft. above media was compared to the fatty 
actd eomposmon of eugenic callus and maize zygotic embryos ,2 day 2 
poUm.no, , (Table XHt). The fany acid composition of ft. sole embryos was 
dtffe™. man fta. of ft. emtcyogenic callus. The embryogenic canus had a hiZ 
percentage of C.6:0 and 0*3, am, a lower percent of C18:l Md a> ' 2 
percentage of l,p,d repre5 e„,. d by „ e fresh wcieh , WK differem for . 
Ilus when compared to ft. somaric embryos; 0.4% versus 4.0% The CZ 

^ » d — « «*>- were very stmilar an ft. 
percentage of Itptd represent by me fresh w.igh, were nearly identlca , ,, was 
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concluded that the somatic embryo culture system described above would be an useful in 
vitro system for testing the effect of certa.n genes on lipid synthesis in developing 
embryos of maize. ^wpiug 

Pan B Increase insane acid in somatic embryos of maixc as a resnlr of ,|, c intriKlucliot) 
of an an s«se. A9 oesarorase gene. Somauc embryos were pniduced ^ ,„ c 
desenbed herem from embryogenic callus rransforroed win, pDAB308/pDAB430 The 
somaric embryos from .6 different lines were assayed for f.„y acid eomposition. Two 
nes 308/430-12 „d 308/430-15, were found ro produce somarie emb*.s » ilh 1 
levels of s«.nc aeid. Tb, sr«*c acid conren, of som.,ie embtyos from rbeX ,„ 0 lines 
comparrf ,o .he ,.«*« aeid conren. of somarie embryos from .heir com™, lines i n 
*~ 37 snd 38. The eon», lines were from me same culmr. to me J^Z 
Imes came from excep. mar mey were no. u^sfonned. For line 308/430-12. sfcaric acid 

IT „ " '° SOn,a " C emb,yos fr ° m 2 » '5% while ,he consols 

mng.r.ftomO.5.0 3%. More rtan 50V. of me somadc embryos had srearic 
which w« above m, range of me conboU in bom me formed lines £ 
r.sulu^ea.ema.aoan.isense- A9desanar.se gene can be used ,o race me 2£Z 
levels in somatic embryos of maize. 

Pan C DMM. of an increase in srearic acid in leaves due ,o introduction of an 
aursense- A9 desarurase gene. Embryogenic eulmms from lines 308/430-12 ZZulZ 
15 were used » regenerme pta* L«a»„ from mese pUn B were analyzed for f.,.y K i d 

srs^TTd r r e t c Kid ,evei in *• ,eaves ° f *- *- *» «-* 

9 Tbe^T H , r , m " *" Ptot8 ° f *«•■«"■*•« „ Figum 

aLmoT, " " 6ml " I3% I*" »» 308/430-7 

Abou, 30% of the pUms from line 308/43H2 tad s,«ahc acid levels above me 

obsemed . me connols. >-2K. Th«e resulu indicasc ma, ,h. s.earic .old levels cToe 
30 raised m leaves of maize by inwduerion of an andsense- 4, desawnlse g J " 

By -andsrms,- is ^ , ^^.^ ^ Mjd 

RNA, by me** of RNA-RNA „ RNA-DNA or RNA-PNA (pro«i„ „u ,Jc lid 

35 SES " *■•• 1993 T 363, 3<<) inttraaions - a,Kre - " * C 

35 RNA (for a review see Stein and Cheng, 1993 Science 261, 1004). 
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Example 35: Amvlose Content Assay of Ma.ze Pooled Starch Sam ple and Simsje Kernel 

The amylose content was assayed by the method of Hovenkamp-Hermelink et al 
Potato Research 31:24,-246) with modifications. For poo.ed starch sample, 
100 mg starch was dissolved in 5 ml 45% perchloric acid in plastic culture tube T 
solution was m,xed occasionally by vortcxing. After one hour. 0.2 of the st.rch 
solution was d.luted to 10 ml by H 2 0. 0.4 ml of the diluted so.ution was then led 
wtth 0.5 ml diluted Lugo,* solution (Sigma) in I m l cuvet. Readings at 6.8 nm and 550 
nm were tmmediately taken and the R ratio (6,8 nm/550 nm) was calculated Using 

r v tlT° n ° f amy, ° Se) = (4 5R - 2 ^ 7 - 3 ^) M from potato 

amylose and ma,ze amy.opectm (Sigma, St. Louis), amy.ose content was determined For 

4^0^ rt ~" Pr0CCdUrc " 3b0Ve ^ - ^ * ~ ~ 
«*perchlonc acid for 20 mm instead for one hour. 

Example 36: Stamh Purification and annular Bound .Wh c., l tflase f0Bsa A ^ 
The purification of starch and following GBSS activity MMy were . 

HQ pH 8.0, 10 mM EDTA and (tared .hough 120 urn nylon membrane. The material 
wasmencemnftjgedatSOOOgforJ min and the supernatant w« discarded vZZ 
« washed dune times by resnspending in warer ^ ^ ty 
cemnn.ganon. After washing, te ^ was ^ 8 

and cennifuged. PeUe, was dten lyophiliaed and stored in . 20 K Z Z 



A standard GBSS reaction mixture contained 0.2 M Tricine dHSs k km 
Ghttadncete. 5 mM EDTA, , mM "c ADPG ,6 ^ 1 Tmg'H 'J £ 

30 aTTf T 

200 Hi of 70% ethanol (v/v) in 0.1 M KC1 Th* m«- i g 

\ / i/. i m Ine matenal was centrifueed anH 

«rzr ADP0 t i™" is ~ ^ •» - 22 £ 

time with 1ml water each in the same fashion After wash,™ 

*> „ water, placed into sctntillation ,,,, ^t^C Z ZZL" 

3 5 ^-<«-*."» ^.«cac.iv,,wa S g:: r;:^; 

35 ADPG incorporated into starch per min per mg starch. 
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Example 37: Analysis of Antisense-GBSS Plants 

Because of the segregation of R2 seeds, single kernels should therefore be analyzed 
for amylose content to identify phenotype. Because of the large amount of samples 
5 generated in this study, a two-step screening strategy was used. In the first step, 30 
kernels were taken randomly from the same ear, freezc-dricd and homogenized into starch 
flour. Amylose assays on the starch flours were carried out. Lines with reduced amylose 
content were identified by statistical analysis. In the second step, amylose content of the 
single kernels in the lines with reduced amylose content was further analyzed (25 to 50 
kernels per ear). Two sets of controls were used in the screening, one of the sets were 
untransfonned lines with the same genetic background and the other were transformed 
lines which did not cany transgene due to segregation (Southern analysis negative line). 

81 lines representing 16 transformation events were examined at the pooled starch 
15 level. Among those lines, six with significant reduction of amylose content by statistical 
analysis were identified for further single kernel analysis. One line, 308/425-12.2.1, 
showed significant reduction of amylose content (Figure 40). 



10 



20 



Twenty five individual kernels of CQ806, a conventional maize inbred line, were 
analyzed. The amylose content of CQ806 ranged from 24.4% to 32.2%. averaging 
29.1%. The single kernel distribution of amylose content is skewed slightly towards 
lower amylose contents. Forty nine single kernels of 308/425-12.2.1.1 were analyzed. 
Given that 308/425-12.2.1.1 resulted from self pollination of a hemizygous individual, the 
expected distribution would consist of 4 distinct genetic classes present in equal 
25 frequencies since endosperm is a triploid tissue. The 4 genetic classes consist of 
individuals carrying 0, 1, 2, and 3 copies of the antisense construct. If there is a large, 
dosage effect for the transgene, then the distribution of amylose contents would be 
tetramodal. One of the modes of the resulting distribution should be indistinguishable 
from the non-transgenic parent If there is no dosage effect for the transgene (individuals 
canying 1, 2 or 3 copies of the transgene are phenotypically equivalent), then the 
distribution should be bimodal with one of the modes identical to the parent. The number 
of individuals included in the modes should be 3:1 of transgenicrparemal. The distribution 
for 308/425-12.2.1.1 is distinctly trimodal. The central mode is approximately twice the 
size of either other mode. The two distal modes are of approximately equal size. 
35 Goodness of fit to a 1 :2: 1 ratio was tested and the fit was excellent. 
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Further evidence was available demonstrating , ta , lhe mode „,,„ 
myl.se comen, was idendca. to the non-imnsgenic pa™. This was done £ 

tZTZ ^ ^ " d 3M ' 425 - 12 2 ''-' *- - — combined for * 
analysis. The dtsunc. memos used in the analysis were calculated uai„ 8 ,my,ose 
5 eomen* only. The estimates of variance from the individua, tmalyscs wcre Jt" 
■ears. No pooled es.im.re of variance was employed. The ,* s „ Jdau, «,, '„ 

"^f"" 0 ",; ^ " * *™< - on,irc mode or ihe 30 1 2 

2.2.U d.«nbm,oo wid, me highest amylose comen, would be more appropria. y 

10 p^,„ Of mo umammg rwo modes. ,h. eenrm, mode is approximareiy ,wicc , hc J 
of .he lowest amylos. comen. mode. This would bo cxpecd if £ Kmral m< £ 
™i.*es two g^c cUssest mdividuala wiih , or 2 oopies of me andsens, 
Th mod. w,„ tho ,„w«, .my.os. CMtent lhos reprcscnB ^ ^ ~ 
(tali .homozygous (3 oopi«) for m. antisense construc , ne 2 , * ** " 

15 could not be rejected on the basis of the data. " i 

This analysis M« *, ta amisense GBSS g« as (uncdonin, in 308/425- 
1111.1 dem^so^ . dosage deponden.redue.ion in amylose comen, of L. 3, 

20 Example 38: Analysis of gi^ iyme-GRes n.,,. 

The sane m-o-step sowing as in the antisense study (Example 37) w« 

usedro^nbozyme^BSSplams. .60 line, repmsondn, „ ^J^Z 
wore ex^ed m me pooled smsoh M Among rh. con.ro, lino, (bom 72Zd 

25 hneand Sou*.™ negadve .me), .he «ny,„ e con,™ vaned from 2>% ro^I No 
s,g».ncam rcducon was observed among „, lines ^ ri|)0 ' 'IV* 
posmv. Im.,. More man 20 selocred .toe, were (unher anaiyL in ihe srng^le t«T 
no s,gmfle», amy>ose reducdon as wel, as s«« re pdo„ pa„.rn were ound , w 

jU " ,pira " ,h * , nb0 ^ did »»< »X .henrntion in me phenorypic lev,,. 

Tnnsfonned lines were ftnther examined by meir GBSS activity (as described i„ 
Brmmpte 3«> For each line. 30 kernels wem ak ,„ from , he frram » ££££ 
Z *"* *' tesulis of, plan, represenring on. 

of me GBSS activity in „. pooled aureh samples. ,my,.s« con.en, m , he ^"sZ 
15 samples, and Souihen, analysis resuhs. Three aourhem negaiiv. !!„«. ™ A „ 

RPA63.0236, and RPA63.02I9 w«e used as condol WA63.0283, 
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The GBSS activities of control lines RPA63.0283, RPA63.0236, and RPA63.0219 
were around 300 units/mg starch. In lines RPA63.021I, RPA63.02I8, RPA63.0209, and 
RPA63.0210, a reduction of GBSS activity to more than 30% was observed. The 
5 correlation of varied GBSS activity to the Southern analysis in this group (from 
RPA63.03I4 to RPA63.0210 of Tabic XIV) indicated that the reduced fJIISS activity 
was caused by the expression of ribozymc gene incorporated into the maize genome. 

GBSS activities at the single kernel level of line RPA 63.0218 (Southern positive 
10 and reduced GBSS activity in pooled starch) was further examined, using RPA63.0306 
(Southern negative and GBSS activity normal in pooled starch) as control. About 30 
kernels from each line were taken, and starch samples were purified from each kernel 
individually. Figure 41 clearly indicated reduced GBSS activity in line RPA63.0218 
compared to RPA63.0306. 

15 

Other embodiments are within the following claims. 
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Characteristics of naturally occurring ribozymes 
Group I Introns 

• Size: -1 50 to > 1 000 nucleotides. 

• Requires a U in the target sequence immediately 5' of the cleavage site. 

• Binds 4-6 nucleotides at the 5'-side of the cleavage site. 

• Reaction mechanism: attack by the 3*-OH of guanosine to generate cleavage products with 
3*-OH and S'-guanosine. 

• Additional protein cofactors required in some cases to help folding and maintainance of the 
active structure [']. 

• Over 300 known members of this class. Found as an intervening sequence in Tetrahymena 
thermophila rRNA. fungal mitochondria, chloroplasts, phage T4, blue-green algae, and others. 

• Major structural features largely established through phylogenetic comparisons, mutaeenesis. 
and biochemical studies [V]. 

• Complete kinetic framework established for one ribozyme [\\V]. 

• Studies of ribozyme folding and substrate docking underway [\ 9 f ,0 ], 

• Chemical modification investigation of important residues well established [' \ I2 J. 

• The small (4-6 nt) binding site may make this ribozyme too non-specific for targeted RNA 
cleavage, however, the Tetrahymena group I intron has been used to repair a "defective" 
b-galactosidase message by the ligation of new b-galactosidase sequences onto the defective 
message ["], 

RNAse P RNA (M1 RNA) 

• Size: -290 to 400 nucleotides. 

• RNA portion of a ubiquitous ribonucleoprotein enzyme. 

• Cleaves tRN A precursors to form mature tRNA [ w ], 

• Reaction mechanism: possible attack by M^-OH to generate cleavage products with 3*-OH and 
5 '-phosphate. 

• RNAse P is found throughout the prokaryotes and eukaryotes. The RNA subunit has been 
sequenced from bacteria, yeast, rodents, and primates. 

• Recruitment of endogenous RNAse P for therapeutic applications is possible through 
hybridization of an External Guide Sequence (EGS) to the target RNA [ I5 , 16 ] 

• Important phosphate and T OH contacts recently identified [ l \ n ] 

Group II Introns 



• Size: > 1 000 nucleotides. 

• Trans cleavage of target RNAs recently demonstrated ["V 0 ]. 

• Sequence requirements not fully determined. 

• Reaction mechanism: 2'-OH of an internal adenosine generates cleavage products with 3 '-OH 
and a "lariat" RNA containing a 3*-5' and a 2**5' branch point. 

• Only natural ribozyme with demonstrated participation in DNA cleavage [ 2, . :2 ] in addition to 
RNA cleavage and ligation. 

• Major structural features largely established through phylogenetic comparisons [ :? ]. 
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• Important 2' OH contacts beginning to be identified [ 24 ] 

• Kinetic framework under development [ 25 ] 

Neurospora VS RNA 

• Size: - 1 44 nucleotides. 

• Trans cleavage of hairpin target RN As recently demonstrated ["]. 

• Sequence requirements not fully determined. 

• Reaction mechanism: attack by 2*-OH 5' to the scissile bond to generate cleavage products 
with 2 \3' -cyclic phosphate and 5*-OH ends. 

• Binding sites and structural requirements not fully determined. 

• Only I known member of this class. Found in Neurospora VS RNA. 

Hammerhead Ribozyme 

(see text for references) 

e Size: - 1 3 to 40 nucleotides. 

e Requires the target sequence UH immediately 5' of the cleavage site. 

e Binds a variable number nucleotides on both sides of the cleavage site. 

e Reaction mechanism: attack by 2'-OH 5' to the scissile bond to generate cleavage products 

with 2\3 '-cyclic phosphate and 5 '-OH ends, 
e 1 4 known members of this class. Found in a number of plant pathogens (virusoids) that use 

RNA as the infectious agent, 
e Essential structural features largely defined, including 2 crystal structures [] 

• Minimal ligation activity demonstrated (for engineering through in vitro selection) [] 
e Complete kinetic framework established for two or more ribozymes []. 

e Chemical modification investigation of important residues well established []. 

Hairpin Ribozyme 

e Size: -50 nucleotides. 

• Requires the target sequence GUC immediately 3' of the cleavage site. 

e Binds 4-6 nucleotides at the S'-side of the cleavage site and a variable number to the 3'-side of 
the cleavage site. 

• Reaction mechanism: attack by 2 t -OH 5' to the scissile bond to generate cleavage products 
with 2\3'-cyclic phosphate and S'-OH ends. 

e 3 known members of this class. Found in three plant pathogen (satellite RN As of the tobacco 
ringspot virus, arabis mosaic virus and chicory yellow mottle virus) which uses RNA as the 
infectious agent. 

e Essential structural features largely defined I 27 , 21 , 2 *, 30 ] 

e Ligation activity (in addition to cleavage activity) makes ribozyme amenable to engineering 

through in vitro selection [ 3I ] 
e Complete kinetic framework established for one ribozyme [ 32 ]. 
e Chemical modification investigation of important residues begun [*,"]. 

Hepatitis Delta Virus (HDV) Ribozyme 

e Size: -60 nucleotides. 

e Trans cleavage of target RNAs demonstrated ["]. 

e Binding sites and structural requirements not fully determined, although no sequences 5* of 
cleavage site are required. Folded ribozyme contains a pseudoknot structure ["]. 
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• Reaction mechanism: attack by 2'-OH 5 1 to the scissile bond to eenerate cleavage products 
with 2 \3 '-cyclic phosphate and 5'-OH ends. 

• Only 2 known members of this class. Found in human HDV. 

• Circular form of HDV is active and shows increased nuclease stability [ 37 ] 

1. Mohr, G.: Caprara. M.G.: Guo, Q.: Lambowitz. A.M. Nature, 222. 147-150 (1994). 

2. Michel, Francois: Westhof. Eric. Slippery substrates. Nat. Struct Biol. (1994), 1(1), 5-7. 
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Biochemistry ( 1 990). 29(44), 1 0 1 72-80. 
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parameters for binding of a pyrene-labeled substrate by the Tetrahymena ribozyme: docking is not 
diffusion-controlled and is driven by a favorable entropy change. Biochemistry (1995), 34(44), 14394-9 
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steps in the folding of a group I ribozyme. Biochemistry (1995), 34(19). 6504-12. 
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the Tetrahymena nbozyme. Nucleic Acids Res. (1996). 24(5), 854-8. 
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Tetrahymena ribozyme reaction site. Science (Washington, D. C.) ( 1 995), 267(5 198), 675-9. 

12. Strobel. Scott A.; Cech, TTiomas R.. Exocyclic Amine of the Conserved CcntdotU Pair at the 
Cleavage Site of the Tetrahymena Ribozyme Contributes to 5'-SpIice Site Selection and Transition State 
Stabilization. Biochemistry (1996), 35(4), 1201-11. 

13. Sullenger, Bruce A.; Cech, Thomas R.. Ribozyme-mediated repair of defective mRNA bv targeted 
trans-splicing. Nature (London) (1994). 37 1(6498), 619-22. 

14. Robertson. H.D.; Alonan, S.: Smith, J.D. J, Biol. Chem., 2£Z. 5243-5251 (1972). 

1 5. Forster, Anthony C; Altman. Sidney. External guide sequences for an RNA enzvme. Science 
(Washington, D. C, 1883-) (1990), 249(4970), 783-6. 

1 6. Yuan, Y.; Hwang, E. S.; Altman. S. Targeted cleavage of mRNA by human RNase P. Proc. Natl Acad 
Sci. USA (1992) 89, 8006-10. 

1 7. Harris, Michael E.; Pace, Norman R.. Identification of phosphates involved in catalysis by the 
ribozyme RNase P RNA. RNA (1995), 1(2), 210-18. 

1 8. Pan, Tao: Loria, Andrew; Zhong. Kun. Probing of teniarv interactions in RNA: 2'-hydroxvl-basc 
contacts between the RNase P RNA and pre-tRNA. Proc. Natl. Acad. Sci. U. S. A. (1995). 92(26), 12510-14 
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2 1 . Zimmerly, Steven; Guo. Huatao: Eskes, Robert; Yang, Jian: Perlman. Philip S.; Lambowitz. Alan M 
A group II intron RNA is a catalytic component of a DNA endonuclease involved in intron mobilitv Cell 
(Cambridge, Mass.) (1995), 83(4). 529-38. 
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Table III B: Hammerhead Ribozyme Sequence Targeted Against GBSS mRNA 



nt Position HH Ribozyme Sequence Seq. ID 

No. 

1 2 UGGCUGUGGC CUGAUGA X GAA AUCGAU CGGU 267 

68 GCAGUGAGUU CUGAUGA X GAA AUUCCUUCCU 268 

73 GGCUGGCAGU CUGAUGA X GAA AGUUUAUUCC 269 

103 GACGGAGCAG CUGAUGA X GAA ACACUUCUCC 270 

1 09 CUGGUGGACG CUGAUGA X GAA AGCAGUACAC 271 

1 1 3 CGCACUGGUG CUGAUGA X GAA ACGGAGCAGU 272 

146 UCGACGAGAU CUGAUGA X GAA AGCAGCCCUG 273 

149 UCGUCGACGA CUGAUGA X GAA AUGAGCAGCC 274 

1 51 GGUCGUCGAC CUGAUGA X GAA AGAUGAGCAG 275 

154 ACUGGUCGUC CUGAUGA X GAA ACGAGAUGAG 276 

169 CAUGCCGAUU CUGAUGA X GAA AUCCACUGGU 277 

1 70 CCAUGCCGAU CUGAUGA X GAA AAUCCACUGG 278 
173 CCGCCAUGCC CUGAUGA X GAA AUUAAUCCAC 279 
1 86 GACGUGGCUA CUGAUGA X GAA AGCCGCCAUG 280 
188 GCGACGUGGC CUGAUGA X GAA AGAGCCGCCA 281 
196 GACGAGCUGC CUGAUGA X GAA ACGUGGCUAG 282 
203 GCGUUGCGAC CUGAUGA X GAA AGCUGCGACG 283 
206 CGCGCGUUGC CUGAUGA X GAA ACGAGCUGCG 284 
230 ACGCGUCCGG CUGAUGA X GAA ACGCCCAGGC 285 
241 GCGGAACGUG CUGAUGA X GAA ACGCGUCCGG 286 

247 GCCGCGGCGG CUGAUGA X GAA ACGUGGACGC 287 

248 CGCCGCGGCG CUGAUGA X GAA AACGUGGACG 288 
292 GUCCGCCGCC CUGAUGA X GAA ACGCCGUCCG 289 
308 UCCGAAUGCU CUGAUGA X GAA AGCGUGUCCG 290 

314 CGCUGGUCCG CUGAUGA X GAA AUGCUGAGCG 291 

315 GCGCUGGUCC CUGAUGA X GAA AAUGCUGAGC 292 
344 GCUGGUGCUG CUGAUGA X GAA AGCCUGGGCG 293 

385 GAGCGACGGG CUGAUGA X GAA ACCUGGCCCC 294 

386 CGAGCGACGG CUGAUGA X GAA AACCUGGCCC 295 
391 CACGACGAGC CUGAUGA X GAA ACGGGAACCU 296 
395 CGCACACGAC CUGAUGA X GAA AGCGACGGGA 297 
398 UGGCGCACAC CUGAUGA X GAA ACGAGCGACG 298 
425 CGACGAAGAC CUGAUGA X GAA ACGUUCAUGC 299 
428 CGCCGACGAA CUGAUGA X GAA ACGACGUUCA 300 

430 GGCGCCGACG CUGAUGA X GAA AGACGACGUU 301 

431 CGGCGCCGAC CUGAUGA X GAA AAGACGACGU 302 
434 UCUCGGCGCC CUGAUGA X GAA ACGAAGACGA 303 
473 GGACGUCGCC CUGAUGA X GAA AGGCCGCCGG 304 
482 GGCCGCCGAG CUGAUGA X GAA ACGUCGCCGA 305 
485 GCAGGCCGCC CUGAUGA X GAA AGGACGUCGC 306 
527 AGACGACCAU CUGAUGA X GAA ACACGGUGCC 307 
533 GGGGAGAGAC CUGAUGA X GAA ACCAUGACAC 308 
536 AGCGGGGAGA CUGAUGA X GAA ACGACCAUGA 309 
538 GUAGCGGGGA CUGAUGA X GAA AGACGACCAU 310 
540 UCGUAGCGGG CUGAUGA X GAA AGAGACGACC 31 1 
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nt. Position HH Ribozyme Sequence 

547 

556 

581 

586 

593 

610 

620 

625 

626 

628 

629 

637 

661 

662 

665 

679 

680 

692 

693 

716 

718 

742 

763 

764 

773 

788 
795 
803 
812 
826 
829 
830 
832 
841 
854 
859 
860 
863 
888 
890 
892 
898 
902 
913 
919 
929 
931 
951 
952 
953 
959 
968 



Seq.ID 
No. 
312 
313 
314 
315 
316 
317 
318 
319 
320 
321 
322 
323 
324 
325 
326 
327 
328 
329 
330 
331 
332 
333 
334 
335 
336 
337 
338 
339 
340 
341 
342 
343 
344 
345 
346 
347 
348 
349 
350 
351 
352 
353 
354 
355 
356 
357 
358 
359 
360 
361 
362 
363 



GUACUGGUCG CUGAUGA X GAA AGCGGGGAGA 
GGCGUCCUUG CUGAUGA X GAA ACUGGUCGUA 
UCUCGGACAC CUGAUGA X GAA ACGCUGGUGU 
CUUGAUCUCG CUGAUGA X GAA ACACGACGCU 
CUCCCAUCUU CUGAUGA X GAA AUCUCGGACA 
GACCGUCUCG CUGAUGA X GAA ACCUGUCUCC 
GGAAGAACCU CUGAUGA X GAA ACCGUCUCGU 
GCAGUGGAAG CUGAUGA X GAA ACCUGACCGU 
AGCAGUGGAA CUGAUGA X GAA AACCUGACCG 
GUAGCAGUGG CUGAUGA X GAA AGAACCUGAC 
UGUAGCAGUG CUGAUGA X GAA AAGAACCUGA 
UCCGCGCUUG CUGAUGA X GAA AGCAGUGGAA 
GUGGUCAACG CUGAUGA X GAA ACACGCGGUC 
GGUGGUCAAC CUGAUGA X GAA AACACGCGGU 
GUGGGUGGUC CUGAUGA X GAA ACGAACACGC 
CCUCUCCAGG CUGAUGA X GAA ACAGUGGGUG 
CCCUCUCCAG CUGAUGA X GAA AACAGUGGGU 
UCUUUCCCCA CUGAUGA X GAA ACCCUCUCCA 
GUCUUUCCCC CUGAUGA X GAA AACCCUCUCC 
CAGGCCCGUA CUGAUGA X GAA AUCUUCUCCU 
GUCAGGCCCG CUGAUGA X GAA AGAUCUUCUC 
GUUGUCCCUG CUGAUGA X GAA AGUCCGUUCC 
UAGCAGGCUG CUGAUGA X GAA ACCGCAGCUG 
AUAGCAGGCU CUGAUGA X GAA AACCGCAGCU 
CUGCCUGGCA CUGAUGA X GAA AGCAGGCUGA 
UUGGAGCUUC CUGAUGA X GAA AGUGCUGCCU 
AGGAUCCUUG CUGAUGA X GAA AGCUUCAAGU 
UGAGGCUCAG CUGAUGA X GAA AUCCUUGGAG 
GGUUGUUGUU CUGAUGA X GAA AGGCUCAGGA 
UCCGGAGAAG CUGAUGA X GAA AUGGGUUGUU 
UGGUCCGGAG CUGAUGA X GAA AGUAUGGGUU 
AUGGUCCGGA CUGAUGA X GAA AAGUAUGGGU 
GUAUGGUCCG CUGAUGA X GAA AGAAGUAUGG 
GUCCUCCCCG CUGAUGA X GAA AUGGUCCGGA 
AGACGAACAC CUGAUGA X GAA ACGUCCUCCC 
GUUGCAGACG CUGAUGA X GAA ACACGACGUC 
CGUUGCAGAC CUGAUGA X GAA AACACGACGU 
AGUCGUUGCA CUGAUGA X GAA ACGAACACGA 
UAGCACGAGA CUGAUGA X GAA AGGGCCGGUG 
GGUAGCACGA CUGAUGA X GAA AGAGGGCCGG 
GAGGUAGCAC CUGAUGA X GAA AGAGAGGGCC 
GCUCUUGAGG CUGAUGA X GAA AGCACGAGAG 
AGUUGCUCUU CUGAUGA X GAA AGGUAGCACG 
GUGGGACUGG CUGAUGA X GAA AGUUGCUCUU 
GAUGCCGUGG CUGAUGA X GAA ACUGGUAGUU 
CGUCCCUGUA CUGAUGA X GAA AUGCCGUGGG 
UGCGUCCCUG CUGAUGA X GAA AGAUGCCGUG 
UGGAUGCAGA CUGAUGA X GAA AGCGGUCUUU 
GUGGAUGCAG CUGAUGA X GAA AAGCGGUCUU 
UGUGGAUGCA CUGAUGA X GAA AAAGCGGUCU 
AGAUGUUGUG CUGAUGA X GAA AUGCAGAAAG 
CCUGGUAGGA CUGAUGA X GAA AUGUUGUGGA 
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Position HH Ribozyme Sequence 

970 GCCCUGGUAG CUGAUGA X GAA AGAUGUUGUG 

973 CCGGCCCUGG CUGAUGA X GAA AGGAGAUGUU 

985 GGAGAAGGCG CUGAUGA X GAA ACCGGCCCUG 

986 CGGAGAAGGC CUGAUGA X GAA AACCGGCCCU 

991 GUAGUCGGAG CUGAUGA X GAA AGGCGAACCG 

992 GGUAGUCGGA CUGAUGA X GAA AAGGCGAACC 
994 CGGGUAGUCG CUGAUGA X GAA AGAAGGCGAA 
1 000 CAGCUCCGGG CUGAUGA X GAA AGUCGGAGAA 
1016 AUCUCUCCGG CUGAUGA X GAA AGGUUCAGCU 

1027 GGACGACUUG CUGAUGA X GAA AUCUCUCCGG 

1028 AGGACGACUU CUGAUGA X GAA AAUCUCUCCG 
1033 AUCGAAGGAC CUGAUGA X GAA ACUUGAAUCU 
1036 GAAAUCGAAG CUGAUGA X GAA ACGACUUGAA 

1039 GAUGAAAUCG CUGAUGA X GAA AGGACGACUU 

1 040 CGAUGAAAUC CUGAUGA X GAA AAGGACGACU 

1 044 CCGUCGAUGA CUGAUGA X GAA AUCGAAGGAC 

1045 GCCGUCGAUG CUGAUGA X GAA AAUCGAAGGA 

1 046 AGCCGUCGAU CUGAUGA X GAA AAAUCGAAGG 
1049 CGUAGCCGUC CUGAUGA X GAA AUGAAAUCGA 
1057 GGGCUUCUCG CUGAUGA X GAA AGCCGUCGAU 
1085 UCAUCCAGUU CUGAUGA X GAA AUCUUCCGGC 
1 106 CGGCCUCGAG CUGAUGA X GAA AUCCCGGCCU 
1 109 UGUCGGCCUC CUGAUGA X GAA AGGAUCCCGG 
1 124 UGACGGUGAG CUGAUGA X GAA ACCCUGUCGG 
1 127 GGCUGACGGU CUGAUGA X GAA AGGACCCUGU 
1 133 AGUAGGGGCU CUGAUGA X GAA ACGGUGAGGA 
1 141 CUCGGCGUAG CUGAUGA X GAA AGGGGCUGAC 
1 144 CUCCUCGGCG CUGAUGA X GAA AGUAGGGGCU 
1157 UGCCGGAGAU CUGAUGA X GAA AGCUCCUCGG 
1 160 CGAUGCCGGA CUGAUGA X GAA AUGAGCUCCU 
1 162 GGCGAUGCCG CUGAUGA X GAA AGAUGAGCUC 
1 169 AGCCCCUGGC CUGAUGA X GAA AUGCCGGAGA 
1 187 UGAUGUUGUC CUGAUGA X GAA AGCUCGCAGC 

196 UGAGGCGCAU CUGAUGA X GAA AUGUUGUCGA 

1205 UGAUGCCGGU CUGAUGA X GAA AGGCGCAUGA 

1214 CGAUGCCGGU CUGAUGA X GAA AUGCCGGUGA 

1223 UGCCGUUGAC CUGAUGA X GAA AUGCCGGUGA 

1226 CCAUGCCGUU CUGAUGA X GAA ACGAUGCCGG 

1241 CCCACUCGCU CUGAUGA X GAA ACGUCCAUGC 

1270 CACGGCGAUG CUGAUGA X GAA ACUUGUCCCU 

1274 ACUUCACGGC CUGAUGA X GAA AUGUACUUGU 

1285 CGACACGUCG CUGAUGA X GAA ACUUCACGGC 

1294 CACGGCCGUC CUGAUGA X GAA ACACGUCGUA 

1346 CCGGGAGCCC CUGAUGA X GAA ACCUCCGCCU 

1352 GGUCCACCGG CUGAUGA X GAA AGCCCGACCU 

1370 CCACCAGCGG CUGAUGA X GAA AUGUUCCGGU 

1384 CCUGCCGAUG CUGAUGA X GAA ACGCCACCAG 

1385 GCCUGCCGAU CUGAUGA X GAA AACGCCACCA 
1388 CCAGCCUGCC CUGAUGA X GAA AUGAACGCCA 
1421 CGGCCGCCAU CUGAUGA X GAA ACGUCGGGUC 
1436 UGAGCUGCGG CUGAUGA X GAA AUGGCGGCCG 
1445 CCAUCUCCAU CUGAUGA X GAA AGCUGCGGGA 
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1878 
1880 



nt. Position HH Ribozyme Sequence id 

1472 CCAGCAGAAC CUGAUGA X GAA AUCUGCACGU 416 

1475 UGCCCAGCAG CUGAUGA X GAA ACGAUCUGCA 417 

1476 GUGCCCAGCA CUGAUGA X GAA AACGAUCUGC 418 

1501 CAUGCGCUCG CUGAUGA X GAA ACUUCUUCUU 419 

1502 GCAUGCGCUC CUGAUGA X GAA AACUUCUUCU 420 
1514 CGGCGCUCAU CUGAUGA X GAA AGCAUGCGCU 421 

1534 CUUGCCUGGG CUGAUGA X GAA ACUUCUCCUC 422 

1535 CCUUGCCUGG CUGAUGA X GAA AACUUCUCCU 423 
559 CGUUGAACUU CUGAUGA X GAA ACCACGGCGC 424 
!S CGCCGCGUUG CUGAUGA X GAA ACUUGACCAC 425 

1565 GCGCCGCGUU CUGAUGA X GAA AACUUGACCA 426 

3S5 CGCCGGCCAU CUGAUGA-X GAA AUGUGGUGCG 427 

J UGGUGACGGC CUGAUGA X GAA AGCACGUCGG 428 

AGCGGCUGGUCUGAUGAXGAAACGGCGAGCA 429 

!5I GCAGGGCUCG CUGAUGA X GAA AGCGGCUGGU 430 

32! CGCAGGGCUC CUGAUGA X GAA AAGCGGCUGG 431 

1^1 GCAGCUGGAU CUGAUGA X GAA AGGCCGCAGG 432 

2! CCUGCAGCUGCU<^UGAXGMAU(3AGGCCGC433 

l!f! GGGCGUUCCG CUGAUGA X GAA AUCGCAUCCC 434 

690 UCCACCGGUG CUGAUGA X GAA ACGCGCAGGC 435 

703 UGGUGUCGAC CUGAUGA X GAA AGUCCACCGG 436 

1706 UGAUGGUGUC CUGAUGA X GAA ACGAGUCCAC 437 

1715 UGCCUUCGAU CUGAUGA X GAA AUGGUGUCGA 438 

llll "cuugccuuccu^ugaxgmaugaJSgSgu SS 

1735 GCCCAUGUGG CUGAUGA X GAA ACCCGGUCUU 440 

1736 GGCCCAUGUG CUGAUGA X GAA AACCCGGUCU 441 
1751 AGUCGACGCU CUGAUGA X GAA AGGCGGCCCA 442 
1757 CGUUGCAGUC CUGAUGA X GAA ACGCUGAGGC 443 
1769 CCGGCUCCAC CUGAUGA X GAA ACGUUGCAGU 444 
1787 CCACCUUCUU CUGAUGA X GAA ACGUCCGCCG 445 
1807 GGCGCGCUGC CUGAUGA X GAA AGGUGGUGGC 446 
1820 CGACCACCUU CUGAUGA X GAA AUGGCGCGCU 447 
1829 CCGGCGUGCC CUGAUGA X GAA ACCACCUUGA 446 
1843 CAUCUCCUCG CUGAUGA X GAA ACGCCGGCGU 448 
1871 AGAGAUCCUG CUGAUGA X GAA AUCAUGCAGU 450 

UUCCAGGAGA CUGAUGA X GAA AUCCUGGAUC 
CCUUCCABOA fit IfZAl iftA v/*aa «/-> a • 



451 



wvwwnwwnvn uuoalhja A oAA AUCCUGGAUC 

CCUUCCAGGA CUGAUGA X GAA AGAUCCUGGA 452 

1882 GCCCUUCCAG CUGAUGA X GAA AGAGAUCCUG 453 

1922 CCCCGAGGCU CUGAUGA X GAA AGCAGCACGU 454 

1928 CGGCGACCCC CUGAUGA X GAA AGGCUGAGCA 455 

1 934 CGCCGCCGGC CUGAUGA X GAA ACCCCGAGGC 456 

1955 CCUCGCCUUC CUGAUGA X GAA ACCCCUGGCU 457 

1 970 CGAGCGGCGC CUGAUGA X GAA AUCUCCUCGC 45fi 

1979 UCUCCUUGGC CUGAUGA X GAA AGCGGCGCGA 459 

2012 CUGCAGGCCG CUGAUGA X GAA ACUCUUCAGG 460 

2013 CCUGCAGGCC CUGAUGA X GAA AACUCUUCAG 461 
2033 CCACGCGCGA CUGAUGA X GAA AUCAGGGGGC 462 
2035 CACCACGCGC CUGAUGA X GAA AGAUCAGGGG 463 
2055 AAGAUGUCCC CUGAUGA X GAA ACAUGUUUGC 464 
2063 UAUAUAAGAA CUGAUGA X GAA AUGUCCCAAC 465 

2065 CAUAUAUAAG CUGAUGA X GAA AGAUGUCCCA 466 

2066 GCAUAUAUAA CUGAUGA X GAA AAGAUGUCCC 467 
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nt. Position HH Ribozyme Sequence Seq. ID 

2068 CAGCAUAUAU CUGAUGA X GAA AGAAGAUGUC 468 

2069 ACAGCAUAUA CUGAUGA X GAA AAGAAGAUGU 469 
2071 AAACAGCAUA CUGAUGA X GAA AUAAGAAGAU 470 
2073 CGAAACAGCA CUGAUGA X GAA AUAUAAGAAG 471 

2080 ACAUAAACGA CUGAUGA X GAA ACAGCAUAUA 472 

2081 CACAUAAACG CUGAUGA X GAA AACAGCAUAU 473 

2082 UCACAUAAAC CUGAUGA X GAA AAACAGCAUA 474 

2085 AUAUCACAUA CUGAUGA X GAA ACGAAACAGC 475 

2086 CAUAUCACAU CUGAUGA X GAA AACGAAACAG 476 

2087 CCAUAUCACA CUGAUGA X GAA AAACGAAACA 477 
2094 UACUUGUCCA CUGAUGA X GAA AUCACAUAAA 47a 
2104 CAGCUACACA CUGAUGA X GAA ACUUGUCCAU 479 
2110 AGCAAGCAGC CUGAUGA X GAA ACACAUACUU 480 
2117 UAGCACAAGC CUGAUGA X GAA AGCAGCUACA 481 
2121 ACACUAGCAC CUGAUGA X GAA AGCAAGCAGC 482 
2127 UAUAUUACAC CUGAUGA X GAA AGCACAAGCA 483 
2132 UACACUAUAU CUGAUGA X GAA ACACUAGCAC 484 
2135 CACUACACUA CUGAUGA X GAA AUUACACUAG 485 
2137 ACCACUACAC CUGAUGA X GAA AUAUUACACU 486 
2142 UGGCCACCAC CUGAUGA X GAA ACACUAUAUU 487 
2165 AUGCGCUUAU CUGAUGA X GAA AGGUUGUGCC 488 
2168 UUCAUGCGCU CUGAUGA X GAA AUUAGGUUGU 489 
2181 CGCAAGCAAU CUGAUGA X GAA AGUUCAUGCG 490 
2184 ACACGCAAGC CUGAUGA X GAA AUUAGUUCAU 491 
2188 CUACACACGC CUGAUGA X GAA AGCAAUUAGU 492 
2197 GGUACUUAAC CUGAUGA X GAA ACACACGCAA 493 

2200 AUCGGUACUU CUGAUGA X GAA ACUACACACG 494 

2201 GAUCGGUACU CUGAUGA X GAA AACUACACAC 49s 
2205 UACCGAUCGG CUGAUGA X GAA ACUUAACUAC 496 
2211 UAAAAUUACC CUGAUGA X GAA AUCGGUACUU 497 
2215 AAUAUAAAAU CUGAUGA X GAA ACCGAUCGGU 498 

2218 CGCAAUAUAA CUGAUGA X GAA AUUACCGAUC 499 

2219 UCGCAAUAUA CUGAUGA X GAA AAUUACCGAU 500 

2220 CUCGCAAUAU CUGAUGA X GAA AAAUUACCGA 501 

2221 ACUCGCAAUA CUGAUGA X GAA AAAAUUACCG 502 
2223 UUACUCGCAA CUGAUGA X GAA AUAAAAUUAC 503 
2225 AUUUACUCGC CUGAUGA X GAA AUAUAAAAUU 504 
2232 UCCAUUUAUU CUGAUGA X GAA ACUCGCAAUA 505 
2236 CAGGUCCAUU CUGAUGA X GAA AUUUACUCGC 506 
2248 UUUCCACCAC CUGAUGA X GAA ACAGGUCCAU 507 

Where "X" represents stem II region of a HH ribozyme (Hertel et al., 1992 Nucleic 
Acids Res. 20 3252). The length of stem II may be a 2 base-pairs. 
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Table IV 

Table IV: HH Ribozyme Sequences Tested against GBSS mRNA 



UU 

Position 






I.D. 


425 


CGACGAAGAC 


CUGAUGAGGCCGAAAGGCCGAA ACGUUCAUGC 


2 


593 


CUCCCAUCUU 


CUGAUGAGGCCGAAAGGCCGAA AUCUCGGACA 


3 


742 


GUUGUCCCUG 


CUGAUGAGGCCGAAAGGCCGAA AGUCCGUUCC 


4 


812 


GGUUGUUGUU 


CUGAUGAGGCCGAAAGGCCGAA AGGCUCAGGA 


5 


692 


GAGGUAGCAC 


CUGAUGAGGCCGAAAGGCCGAA AGAGAGGGCC 


6 


913 


GUGGGACUGG 


CUGAUGAGGCCGAAAGGCCGAA AGUUGCUCUU 


7 


919 


GAUGCCGUGG 


CUGAUGAGGCCGAAAGGCCGAA ACUGGUAGUU 


8 


953 


UGUGGAUGCA 


CUGAUGAGGCCGAAAGGCCGAA AAAGCGGUCU 


9 


959 


AGAUGUUGUG 


CUGAUGAGGCCGAAAGGCCGAA AUGCAGAAAG 


10 


968 


CCUGGUAGGA 


CUGAUGAGGCCGAAAGGCCGAA AUGUUGUGGA 


11 


1016 


AUCUCUCCGG 


CUGAUGAGGCCGAAAGGCCGAA AGGUUCAGCU 


12 


1028 


AGGACGACUU 


CUGAUGAGGCCGAAAGGCCGAA AAUCUCUCCG 


13 


1085 


UCAUCCAGUU 


CUGAUGAGGCCGAAAGGCCGAA AUCUUCCGGC 


14 


1187 


UGADGUUGUC 


CUGAUGAGGCCGAAAGGCCGAA AGCUCGCAGC 


15 


1170 




CUUAUGAGtXXGAAAGGCCG*/! AUGUUGUCGn. 


16 


1226 


CCAUGCCGUU 


CUGAUGAGGCCGAAAGGCCGAA ACGAUGCCG3 


17 


1241 


CCCACUGGCU 


CUGAUGAGGCCGAAAGGCCGAA ACGUCCAUGC 


18 


1270 


CAOGGCGAUG 


CUGAUGAGGCCGAAAGGCCGAA ACUUGUCCCU 


19 


1352 


GGUCCACCGG 


CUGAUGAGGCCGAAAGGCCGAA AGCCCGACCU 


20 


1421 


CGGCCGCCAU 


CUGAUGAGGCCGAAAGGCCGAA ACGUCGGGUC 


21 


1534 


CUUGCCUGGG 


CUGAUGAGGCCGAAAGGCCGAA ACUUCUCCUC 


22 


1715 


UGCCUUCGAU 


CUGAUGAGGCCGAAAGGCCGAA AUGGUGUCGA 


23 


1787 


CCACCUUCUU 


CUGAUGAGGCCGAAAGGCCGAA ACGUCCGCCG 


24 
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Table VI: Delta-9 Desaturase HH Ribozyme Target Sequences 



nt 
Position 

13 
21 
24 
25 
28 
29 
32 
38 
63 



Substrate Seq. ID 

No. 

CGCGCCCUC UGCCGCUU 644 

CUGCCGCUU GUUCGUUC 646 

CCGCUUGUU CGUUCCUC 648 

CGCUUGUUC GUUCCUCG 650 

UUGUUCGUU CCUCGCGC 652 

UGUUCGUUC CUCGCGCU 654 

UCGUUCCUC GCGCUCGC 656 

CUCGCGCUC GCCACCAG 658 

ACACACAUC CCAAUCUC 660 

69 AUCCCAAUC UCGCGAGG 662 

71 CCCAAUCUC GCGAGGGC 664 

92 AGCAGGGUC UGCGGCGG 666 

1 1 7 GCCGCGCUU CCGGCUCC 668 

1 1 8 CCGCGCUUC CGGCUCCC 670 
124 UUCCGGCUC CCCUUCCC 672 

129 GCUCCCCUU CCCAUUGG 674 

130 CUCCCCUUC CCAUUGGC 676 
135 CUUCCCAUU GGCCUCCA 678 
141 AUUGGCCUC CACGAUGG 680 
154 AUGGCGCUC CGCCUCAA 682 
160 CUCCGCCUC AACGACGU 684 
169 AACGACGUCGCGCUCUG 686 
175 GUCGCGCUC UGCCUCUC 688 
181 CUCUGCCUC UCCCCGCC 690 
183 CUGCCUCUC CCCGCCGC 692 
193 CCGCCGCUC GCCGCCCG 694 

228 CGGCAGGUU CGUCGCCG 696 

229 GGCAGGUUC GUCGCCGU 698 
232 AGGUUCGUC GCCGUCGC 700 
238 GUCGCCGUC GCCUCCAU 702 
243 CGUCGCCUC CAUGACGU 704 
252 CAUGACGUC CGCCGUCU 706 
259 UCCGCCGUC UCCACCAA 708 
261 CGCCGUCUCCACCAAGG 710 
271 ACCAAGGUC GAGAAUAA 712 
278 UCGAGAAUA AGAAGCCA 714 

288 GAAGCCAUU UGCUCCUC 716 

289 AAGCCAUUU GCUCCUCC 718 
293 CAUUUGCUC CUCCAAGG 720 
296 UUGCUCCUC CAAGGGAG 722 
307 AGGGAGGUA CAUGUCCA 724 
313 GUACAUGUC CAGGUUAC 726 
526 UGUUUGUUU GGUGGGAG 728 

544 GACAUGAUU ACCGAGGA 730 

545 ACAUGAUUA CCGAGGAA 732 
557 AGGAAGCUC UACCAACA 734 
559 GAAGCUCUA CCAACAUA 736 
567 ACCAACAUA CCAGACUA 738 
575 ACCAGACUAUGCUUAAC 740 

580 ACUAUGCUUAACACCCU 742 

581 CUAUGCUUAACACCCUC 744 
589 AACACCCUC GACGGUGU 746 
598 GACGGUGUC AGAGAUGA 748 



nt 
Position 



Substrate 



319 

320 

326 

327 

338 

346 

352 

353 

354 

355 

360 

364 

371 

377 

383 

386 

388 

390 

398 

400 

409 

419 

434 

435 

436 

439 

453 

462 

463 

464 

475 

476 

484 

505 

515 

516 

518 

519 

520 

523 

524 

527 

857 

860 

873 

874 

882 

883 

889 
698 
907 
910 
915 



GUCCAGGUU ACACAUUC 
UCCAGGUUACACAUUCA 
UUACACAUU CAAUGCCA 
UACACAUUC AAUGCCAC 
UGCCACCUC ACAAGAUU 
CACAAGAUU GAAAUUUU 
AUUGAAAUU UUCAAGUC 
UUGAAAUUU UCAAGUCG 
UGAAAUUUU CAAGUCGC 
GAAAUUUUC AAGUCGCU 
UUUCAAGUC GCUUGAUG 
AAGUCGCUU GAUGAUUG 
UUGAUGAUU GGGCUAGA 
AUUGGGCUA GAGAUAAU 
CUAGAGAUA AUAUCUUG 
GAGAUAAUA UCUUGACG 
GAUAAUAUC UUGACGCA 
UAAUAUCUU GACGCAUC 
UGACGCAUC UCAAGCCA 
ACGCAUCUC AAGCGAGU 
AAGCCAGUC GAGAAGUG 
AGAAGUGUU GGCAGCCA 
CACAGGAUU UCCUCCCG 
ACAGGAUUU CCUCCCGG 
CAGGAUUUC CUCCCGGA 
GAUUUCCUC CCGGACCC 
CCCAGCAUC UGAAGGAU 
UGAAGGAUU UCAUGAUG 
GAAGGAUUU CAUGAUGA 
AAGGAUUUC AUGAUGAA 
GAUGAAGUU AAGGAGCU 
AUGAAGUUA AGGAGCUC 
AAGGAGCUC AGAGAACG 
AAGGAAAUC CCUGAUGA 
CUGAUGAUU AUUUUGUU 
UGAUGAUUA UUUUGUUU 
AUGAUUAUU UUGUUUGU 
UGAUUAUUU UGUUUGUU 
GAUUAUUUU GUUUGUUU 
UAUUUUGUU UGUUUGGU 
AUUUUGUUU GUUUGGUG 
UUGUUUGUU UGGUGGGA 
ACACUGCUC GUCACGCC 
CUGCUCGUC ACGCCAAG 
CAAGGACUU UGGCGACU 
AAGGACUUU GGCGACUU 
UGGCGACUU AAAGCUUG 
GGCGACUUA AAGCUUGC 
UUAAAGCUU GCACAAAU 
GCACAAAUC UGCGGCAU 
UGCGGCAUC AUCGCCUC 
GGCAUCAUC GCCUCAGA 
CAUCGCCUC AGAUGAGA 



Seq. ID 
No. 

645 

647 

649 

651 

653 

655 

657 

659 

661 

663 

665 

667 

669 

671 

673 

675 

677 

679 

681 

683 

685 

687 

689 

691 

693 

695 

697 

699 

701 

703 

705 

707 

709 

711 

713 

715 

717 

719 

721 

723 

725 

727 

729 

731 

733 

735 

737 

739 

741 

743 

745 

747 

749 
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nt 

ill* 


ouds irate 


Stq. ID 


rosition 




No. 


637 


UGGGCUGUU UGGACGAG 


750 


638 


GGGCUGUUU GGACGAGG 


752 


680 


AUGGUGAUC UGCUCAAC 


754 


685 


GAUCUGCUC AACAAGUA 


756 


693 


CAACAAGUA UAUGUACC 


758 


695 


ACAAGUAUA UGUACCUC 


760 


699 

703 


GUAUAUGUA CCUCACUG 


762 


AUGUACCUC ACUGGGAG 


764 


719 


GGGUGGAUA UGAGGCAG 


766 


730 


AGGCAGAUU GAGAAGAC 


768 


742 


AAGACAAUU CAGUAUCU 


770 


743 


AGACAAUUC AGUAUCUU 


772 


747 


AAUUCAGUA UCUUAUUG 


774 


749 


UUCAGUAUC UUAUUGGC 


776 


751 


CAGUAUCUU AUUGGCUC 


778 


752 


AGUAUCUUA UUGGCUCU 


780 


754 


UAUCUUAUU GGCUCUGG 


782 


759 


UAUUGGCUC UGGAAUGG 


784 


770 


GAAUGGAUC CUAGGACU 


786 


773 


UGGAUCCUA GGACUGAG 


788 


785 


CUGAGAAUA AUCCUUAU 


790 


788 


AGAAUAAUC CUUAUCUU 


792 


791 


AUAAUCCUU AUCUUGGU 


794 


792 


UAAUCCUUA UCUUGGUU 


796 


794 


AUCCUUAUC UUGGUUUC 


798 


796 


CCUUAUCUU GGUUUGAU 


800 


800 


AUCUUGGUU UCAUCUAC 


802 


801 


UCUUGGUUU CAUCUACA 


804 


802 


CUUGGUUUC AUCUACAC 


806 


805 


GGUUUCAUC UACACCUC 


808 


807 


UUUCAUCUA CACCUCCU 


810 


813 


CUACACCUC CUUCCAAG 


612 


816 


CACCUCCUU CCAAGAGC 


814 


817 


ACCUCCUUC CAAGAGCG 


816 


834 


GGCGACCUU CAUCUCAC 


818 


835 


GCGACCUUC AUCUCACA 


820 


838 


ACCUUCAUC UCACACGG 


822 


840 


CUUCAUCUC ACACGGGA 


824 


1292 


CGCUGCCUU UCAGCUGG 


826 


1293 


GCUGCCUUU CAGCUGGG 


828 


1294 


CUGCCUUUC AGCUGGGU 


830 


1303 


AGCUGGGUA UACGGUAG 


832 


1305 


CUGGGUAUA CGGUAGGG 


834 


1310 


UAUACGGUA GGGACGUC 


836 




A ^» * 0+0+ | t0+ 0\ A A 0+» »0+k 1 

AGGGACGUC CAACUGUG 


838 


1331 


UGUGAGAUC GGAAACCU 


840 


1348 


GCUGCGGUC UGCUUAGA 


842 


1353 


GGUCUGCUU AGACAAGA 


844 


1354 


GUCUGCUUA GACAAGAC 


846 


1372 


UGCUGUGUC UGCGUUAC 


848 


1378 


GUCUGCGUU ACAUAGGU 


850 


1379 


UCUGCGUUA CAUAGGUC 


852 


1383 


CGUUACAUA GGUCUCCA 


854 


1387 


ACAUAGGUC UCCAGGUU 


856 


1389 


AUAGGUCUC CAGGUUUU 


858 


1395 


CUCCAGGUU UUGAUCAA 


860 


1396 


UCCAGGUUU UGAUCAAA 


862 



nt - Substrate Sao. ID 

Position No 

942 AACUGCGUA CACCAAGA 751 
952 ACCAAGAUC GUGGAGAA 753 

966 GAAGCUGUU UGAGAUCG 755 

967 AAGCUGUUU GAGAUCGA 757 
973 UUUGAGAUC GACCCUGA 759 
986 CUGAUGGUACCGUGGUC 761 
994 ACCGUGGUC GCUCUGGC 763 
998 UGGUCGCUC UGGCUGAC 765 
1024 AAGAAGAUC UCAAUGCC 767 
1026 GAAGAUCUC AAUGCCUG 769 

1047 CCUGAUGUU UGACGGGC 771 

1048 CUGAUGUUU GACGGGCA 773 

1071 CAAGCUGUU CGAGCACU 775 

1072 AAGCUGUUC GAGCACUU 777 

1080 CGAGCACUU CUCCAUGG 779 

1081 GAGCACUUC UCCAUGGU 781 
1083 GCACUUCUC CAUGGUCG 783 
1090 UCCAUGGUC GCGCAGAG 785 
1102 CAGAGGCUU GGCGUUUA 787 

1108 CUUGGCGUU UACACCGC 789 

1 109 UUGGCGUUU ACACCGCC 791 

1110 UGGCGUUUA CACCGCCA 793 
1 125 CAGGGACUA CGCCGACA 795 
1135 GCCGACAUC CUCGAGUU 797 
1138 GACAUCCUC GAGUUCCU 799 

1 143 CCUCGAGUU CCUCGUCG 801 

1 144 CUCGAGUUC CUCGUCGA 803 
1 147 GAGUUCCUC GUCGACAG 805 
1 150 UOCCUCGUC GACAGGUG 807 
1181 UGACUGGUC UGUCGGGU 809 
1 185 UGGUCUGUC GGGUGAAG 61 1 
1212 GCAGGACUA CCUUUGCA 813 

1216 GACUACCUU UGCACCCU 615 

1217 ACUACCUUU GCACCCUU 817 
1225 UGCACCCUU GCUUCAAG 819 

1229 CCCUUGCUU CAAGAAUC 821 

1230 CCUUGCUUC AAGAAUCA 823 
1237 UCAAGAAUC AGGAGGCU 825 
1494 UUUGAUGUACAACCUGU 827 
1546 CAUGCCGUACUUUGUCU 829 

1549 GCCGUACUU UGUCUGUC 831 

1550 CCGUACUUU GUCUGUCG 833 
1553 UACUUUGUC UGUCGCUG 835 
1557 UUGUCUGUC GCUGGCGG 837 

1571 CGGUGUGUU UCGGUAUG 839 

1572 GGUGUGUUU CGGUAUGU 841 

1573 GUGUGUUUC GGUAUGUU 843 
1577 GUUUCGGUA UGUUAUUU 845 

1581 CGGUAUGUUAUUUGAGU 847 

1582 GGUAUGUUA UUUGAGUU 849 

1584 UAUGUUAUU UGAGUUGC 851 

1585 AUGUUAUUUGAGUUGCU 853 
1590 AUUUGAGUU GCUCAGAU 855 
1594 GAGUUGCUCAGAUCUGU 857 
1599 GCUCAGAUC UGUUAAAA 859 

1603 AGAUCUGUU AAAAAAAA 861 

1604 GAUCUGUUA AAAAAAAA 863 
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Substrate 


Seq. ID 


Position 




No. 


1397 


CCAGGUUUU GAUCAAAU 


864 


1401 


GUUUUGAUC AAAUGGUC 


865 


1409 


CAAAUGGUC CCGUGUCG 


866 


1416 


UCCCGUGUC GUCUUAUA 


867 


1419 


CGUGUCGUC UUAUAGAG 


868 


1421 


UGUCGUCUU AUAGAGCG 


869 


1422 


GUCGUCUUA UAGAGCGA 


870 


1424 


CGUCUUAUA GAGCGAUA 


871 


1432 


AGAGCGAUA GGAGAACG 


872 


1444 


GAACGUGUU GGUCUGUG 


873 


1448 


GUGUUGGUC UGUGGUGU 


874 


1457 


UGUGGUGUA GCUUUGUU 


875 


1461 


GUGUAGCUU UGUUUUUA 


87fi 


1462 


UGUAGCUUU GUUUUUAU 


877 

or i 


1465 


AGCUUUGUU UUUAUUUU 


878 


1466 


GCUUUGUUU UUAUUUUG 


879 

W/ 9 


1467 


CUUUGUUUU UAUUUUGU 


880 

www 


1468 


UUUGUUUUU AUUUUGUA 


881 


1469 


UUGUUUUUA UUUUGUAU 


882 


1471 


GUUUUUAUU UUGUAUUU 


883 


1472 


UUUUUAUUU UGUAUUUU 


884 


1473 


UUUUAUUUU GUAUUUUU 


885 


1476 


UAUUUUGUA UUUUUCUG 


886 


1478 


UUUUGUAUU UUUCUGCU 


887 


1479 


UUUGUAUUU UUCUGCUU 


888 


1480 


UUGUAUUUU UCUGCUUU 


889 


1481 


UGUAUUUUU CUGCUUUG 


890 


1482 


GUAUUUUUC UGCUUUGA 


891 


1487 


UUUCUGCUU UGAUGUAC 


692 


1488 


UUCUGCUUU GAUGUACA 


893 
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Table VII: Delti-9 Desaturase HH Riboryme Sequences 
Po ^ ion Ribozyme sequence Seq. ID No. 

1 3 AAGCGGCA CUGAUGA X GAA AGGGCGCG 694 

21 GAACGAAC CUGAUGA X GAA AGCGGCAG 895 

24 GAGGAACG CUGAUGA X GAA ACAAGCGG 896 

25 CGAGGAAC CUGAUGA X GAA AACAAGCG 897 

28 GCGCGAGG CUGAUGA X GAA ACGAACAA 89B 

29 AGCGCGAG CUGAUGA X GAA AACGAACA 899 
32 GCGAGCGC CUGAUGA X GAA AGGAACGA 900 
38 CUGGUGGC CUGAUGA X GAA AGCGCGAG 901 
63 GAGAUUGG CUGAUGA X GAA AUGUGUGU 902 
69 CCUCGCGA CUGAUGA X GAA AUUGGGAU 903 
71 GCCCUCGC CUGAUGA X GAA AGAUUGGG 904 
92 CCGCCGCA CUGAUGA X GAA ACCCUGCU 905 

117 GGAGCCGG CUGAUGA X GAA AGCGCGGC 906 

1 18 GGGAGCCG CUGAUGA X GAA AAGCGCGG 907 
124 GGGAAGGG CUGAUGA X GAA AGCCGGAA 908 

129 CCAAUGGG CUGAUGA X GAA AGGGGAGC 900 

130 GCCAAUGG CUGAUGA X GAA AAGGGGAG 910 
135 UGGAGGCC CUGAUGA X GAA AUGGGAAG 
141 CCAUCGUG CUGAUGA X GAA AGGCCAAU 
154 UUGAGGCG CUGAUGA X GAA AGCGCCAU 

160 ACGUCGUU CUGAUGA X GAA AGGCGGAG 914 

169 CAGAGCGC CUGAUGA X GAA ACGUCGUU 915 

175 GAGAGGCA CUGAUGA X GAA AGCGCGAG 

181 GGCGGGGA CUGAUGA X GAA AGGCAGAG 

183 GCGGCGGG CUGAUGA X GAA AGAGGCAG 

193 CGGGCGGC CUGAUGA X GAA AGCGGCGG 019 

228 CGGCGACG CUGAUGA X GAA ACCUGCCG 920 

229 ACGGCGAC CUGAUGA X GAA AACCUGCC 921 
232 GCGACGGC CUGAUGA X GAA ACGAACCU 
238 AUGGAGGC CUGAUGA X GAA ACGGCGAC 
243 ACGUCAUG CUGAUGA X GAA AGGCGACG 
252 AGACGGCG CUGAUGA X GAA ACGUCAUG 
289 UUGGUGGA CUGAUGA X GAA ACGGCGGA 
281 CCUUGGUG CUGAUGA X GAA AGACGGCG 

271 UUAUUCUC CUGAUGA X GAA ACCUUGGU mg 

278 UGGCUUCU CUGAUGA X GAA AUUCUCGA 929 

288 GAGGAGCA CUGAUGA X GAA AUGGCUUC 910 

289 GGAGGAGC CUGAUGA X GAA AAUGGCUU 
2M CCUUGGAG CUGAUGA X GAA AGCAAAUG 
296 CUCCCUUG CUGAUGA X GAA AGGAGCAA 

3 ° 7 UGGACAUG CUGAUGA X GAA ACCUCCCU 934 

313 GUAACCUG CUGAUGA X GAA ACAUGUAC 935 

31* GAAUGUGU CUGAUGA X GAA ACCUGGAC 

320 UGAAUGUG CUGAUGA X GAA AACCUGGA 

328 UGGCAUUG CUGAUGA X GAA AUGUGUAA 

327 GUGGCAUU CUGAUGA X GAA AAUGUGUA 

338 AAUCUUGU CUGAUGA X GAA AGGUGGCA 940 

346 AAAAUUUC CUGAUGA X GAA AUCUUGUG 94 1 

352 GACUUGAA CUGAUGA X GAA AUUUCAAU 942 

383 CGACUUGA CUGAUGA X GAA AAUUUCAA 943 

354 GCGACUUG CUGAUGA X GAA AAAUUUCA 944 

355 AGCGACUU CUGAUGA X GAA AAAAUUUC 945 
360 CAUCAAGC CUGAUGA X GAA ACUUGAAA all 
364 CAAUCAUC CUGAUGA X GAA AGCGACUU 947 



911 
912 
913 



916 
917 
916 



922 
923 
924 
925 
926 
927 



931 
932 
933 



936 
937 
938 
939 
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ot * Ribozyme sequence Seq ID No 

Position 



371 UCUAGCCC CUGAUGA X GAA AUCAUCAA 948 

3™ AUUAUCUC CUGAUGA X GAA AGCCCAAU 949 

383 CAAGAUAU CUGAUGA X GAA AUCUCUAG 950 

3*6 CGUCAAGA CUGAUGA X GAA AUUAUCUC 951 

388 UGCGUCAA CUGAUGA X GAA AUAUUAUC 952 

390 GAUGCGUC CUGAUGA X GAA AGAUAUUA 953 

398 UGGCUUGA CUGAUGA X GAA AUGCGUCA 954 

400 ACUGGCUU CUGAUGA X GAA AGAUGCGU 955 

409 CACUUCUC CUGAUGA X GAA ACUGGCUU 956 

410 UGGCUGCC CUGAUGA X GAA ACACUUCU 957 

434 CGGGAGGA CUGAUGA X GAA AUCCUGUG 953 

435 CCGGGAGG CUGAUGA X GAA AAUCCUGU 959 

436 UCCGGGAG CUGAUGA X GAA AAAUCCUG 960 
439 GGGUCCGG CUGAUGA X GAA AGGAAAUC 961 
453 AUCCUUCA CUGAUGA X GAA AUGCUGGG 962 

462 CAUCAUGA CUGAUGA X GAA AUCCUUCA 963 

463 UCAUCAUG CUGAUGA X GAA AAUCCUUC 964 

464 UUCAUCAU CUGAUGA X GAA AAAUCCUU 955 

475 AGCUCCUU CUGAUGA X GAA ACUUCAUC 966 

476 GAGCUCCU CUGAUGA X GAA AACUUCAU 967 
484 CGUUCUCU CUGAUGA X GAA AGCUCCUU 968 
505 UCAUCAGG CUGAUGA X GAA AUUUCCUU 969 
515 AACAAAAU CUGAUGA X GAA AUCAUCAG 
f]f AAACAAAA CUGAUGA X GAA AAUCAUCA 
518 ACAAACAA CUGAUGA X GAA AUAAUCAU 
510 AACAAACA CUGAUGA X GAA AAUAAUCA 
f20 AAACAAAC CUGAUGA X GAA AAAUAAUC 

523 ACCAAACA CUGAUGA X GAA ACAAAAUA 

524 CACCAAAC CUGAUGA X GAA AACAAAAU 
527 UCCCACCA CUGAUGA X GAA ACAAACAA 
523 CUCCCACC CUGAUGA X GAA AACAAACA 

544 UCCUCGGU CUGAUGA X GAA AUCAUGUC 

545 UUCCUCGG CUGAUGA X GAA AAUCAUGU 

557 UGUUGGUA CUGAUGA X GAA AGCUUCCU 931 

559 UAUGUUGG CUGAUGA X GAA AGAGCUUC 982 

557 UAGUCUGG CUGAUGA X GAA AUGUUGGU 933 

575 GUUAAGCA CUGAUGA X GAA AGUCUGGU 954 

580 AGGGUGUU CUGAUGA X GAA AGCAUAGU 985 

581 GAGGGUGU CUGAUGA X GAA AAGCAUAG 986 
580 ACACCGUC CUGAUGA X GAA AGGGUGUU 
508 UCAUCUCU CUGAUGA X GAA ACACCGUC 
637 CUCGUCCA CUGAUGA X GAA ACAGCCCA 

538 CCUCGUCC CUGAUGA X GAA AACAGCCC 990 

530 GUUGAGCA CUGAUGA X GAA AUCACCAU 991 

535 UACUUGUU CUGAUGA X GAA AGCAGAUC 992 

693 GGUACAUA CUGAUGA X GAA ACUUGUUG 993 

595 GAGGUACA CUGAUGA X GAA AUACUUGU 994 

599 CAGUGAGG CUGAUGA X GAA ACAUAUAC 995 

7 <>3 CUCCCAGU CUGAUGA X GAA AGGUACAU 996 

7 1 9 CUGCCUCA CUGAUGA X GAA AUCCACCC 997 

730 GUCUUCUC CUGAUGA X GAA AUCUGCCU 99s 

742 AGAUACUG CUGAUGA X GAA AUUGUCUU 

74 3 AAGAUACU CUGAUGA X GAA AAUUGUCU 
747 CAAUAAGA CUGAUGA X GAA ACUGAAUU 
74 9 GCCAAUAA CUGAUGA X GAA AUACUGAA 
? 51 GAGCCAAU CUGAUGA X GAA AGAUACUG 
7 52 AGAGCCAA CUGAUGA X GAA AAGAUACU 



070 
971 
972 
973 
974 
975 
976 
977 
978 
979 
980 



987 
988 
989 



999 
1000 
1001 
1002 
1003 
1004 



SUBSTITUTE SHEET (RULE 26) 



WO 97/10328 
Table VII 



PCT/US96/11689 



Position 



90 



»*• Ribozyme sequence Seq.IDNo. 



754 CCAGAGCC CUGAUGA X GAA AUAAGAUA 

7» CCAUUCCA CUGAUGA X GAA AGCCAAUA 

770 AGUCCUAG CUGAUGA X GAA AUCCAUUC 

773 CUCAGUCC CUGAUGA X GAA AGGAUCCA 



1005 
1006 
1007 



785 AUAAGGAU CUGAUGA X GAA AUUCUCAG IMS 

AAGAUAAG CUGAUGA X GAA AUUAUUCU 1010 

ACCAAGAU CUGAUGA X GAA AGGAUUAU 101 1 
AACCAAGA CUGAUGA X GAA AAGGAUUA 
GAAACCAA CUGAUGA X GAA AUAAGGAU 



TO AACCAAGA CUGAUGA X GAA AAGGAUUA 1012 

J94 GAAACCAA CUGAUGA X GAA AUAAGGAU 1013 

796 AUGAAACC CUGAUGA X GAA AGAUAAGG ~ 



800 GUAGAUGA CUGAUGA X GAA ACCAAGAU ms 

801 UGUAGAUG CUGAUGA X GAA AACCAAGA J J 

802 GUGUAGAU CUGAUGA X GAA AAACCAAG ?7 
805 GAGGUGUA CUGAUGA X GAA AUGAAACC J a 
807 AGGAGGUG CUGAUGA X GAA AGAUGAAA 1010 
8 3 CUUGGAAG CUGAUGA X GAA AGGUGUAG So 
8 ! GCUCUUGG CUGAUGA X GAA AGGAGGUG 1021 
817 CGCUCUUG CUfSAiiftA y «a» « a~~7ZZ TT 



CGCUCUUG CUGAUGA X GAA AAGGAGGU waa 

- m GUGAGAUG CUGAUGA X GAA AGGUCGCC 1023 

835 UGUGAGAU CUGAUGA X GAA AAGGUCGC i024 

838 CCGUGUGA CUGAUGA X GAA AUGAAGGU lazs 

MO UCCCGUGU CUGAUGA X GAA AGAUGAAG ™ 

857 GGCGUGAC CUGAUGA X GAA AGCAGUGU 027 

860 CUUGGCGU CUGAUGA X GAA ACGAGCAG CM 

873 AGUCGCCA CUGAUGA X GAA AGUCCUUG 029 

874 AAGUCGCC CUGAUGA X GAA AAGUCCUU 030 

882 CAAGCUUU CUGAUGA X GAA AGUCGCCA imi 

883 GCAAGCUU CUGAUGA X GAA AAGUCGCC Jaw 
889 AUUUGUGC CUGAUGA X GAA AGCUUUAA rSa 
8W AUGCCGCA CUGAUGA X GAA AUUUGUGC 1«U 
807 GAGGCGAU CUGAUGA X GAA AUGCCGCA I Q35 
l)° UCUGAGGC CUGAUGA X GAA AUGAUGCC VBM 
815 UCUCAUCU CUGAUGA X GAA AGGCGAUG 



*g UCUUGGUG CUGAUGA X GAA ACGCAGUU JJS 

^ UUCUCCAC CUGAUGA X GAA AUCUUGGU 039 

868 CGAUCUCA CUGAUGA X GAA ACAGCUUC 1040 
967 UCGAUCUC CUGAUGA X GAA AACAGCUU io«1 

873 UCAGGGUC CUGAUGA X GAA AUCUCAAA JS42 

886 GACCACGG CUGAUGA X GAA ACCAUCAG 1043 

M4 GCCAGAGC CUGAUGA X GAA ACCACGGU 1044 

•S, GUCAGCCA CUGAUGA X GAA AGCGACCA inis 

1024 GGCAUUGA CUGAUGA X GAA AUCUUCUU is 

°28 CAGGCAUU CUGAUGA X GAA AGAUCUUC 1047 

1047 GCCCGUCA CUGAUGA X GAA ACAUCAGG ' 

1048 UGCCCGUC CUGAUGA X GAA AACAUCAG 

1071 AGUGCUCG CUGAUGA X GAA ACAGCUUG 

1072 AAGUGCUC CUGAUGA X GAA AACAGCUU 

1080 CCAUGGAG CUGAUGA X GAA AGUGCUCG 

1081 ACCAUGGA CUGAUGA X GAA AAGUGCUC 
1083 CGACCAUG CUGAUGA X GAA AGAAGUGC 
1 °90 CUCUGCGC CUGAUGA X GAA ACCAUGGA 
1 1 °2 UAAACGCC CUGAUGA X GAA AGCCUCUG 
1 1 °8 GCGGUGUA CUGAUGA X GAA ACGCCAAG 

1 109 GGCGGUGU CUGAUGA X GAA AACGCCAA 

1110 UGGCGGUG CUGAUGA X GAA AAACGCCA 

1 125 UGUCGGCG CUGAUGA X GAA AGUCCCUG ilSn 

1 1 » AACUCGAG CUGAUGA X GAA AUGUCGGC ,061 
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1071 
1072 
1073 
1074 
1075 
1076 
1077 
1078 
1079 
1080 
1081 



nt " Ribozyme sequence |& jv 0 . 

Position 

1 1 36 AGGAACUC CUGAUGA X GAA AGGAUGUC 1062 

1 143 CGACGAGG CUGAUGA X GAA ACUCGAGG 1063 

1 144 UCGACGAG CUGAUGA X GAA AACUCGAG 1064 
1147 CUGUCGAC CUGAUGA X GAA AGGAACUC 1065 

CACCUGUC CUGAUGA X GAA ACGAGGAA 1066 
1181 ACCCGACA CUGAUGA X GAA ACCAGUCA 1Q67 

1185 CUUCACCC CUGAUGA X GAA ACAGACCA 106a 

1212 UGCAAAGG CUGAUGA X GAA AGUCCUGC infifi 

1216 AGGGUGCA CUGAUGA X GAA AGGUAGUC 1070 

1 217 AAGGGUGC CUGAUGA X GAA AAGGUAGU 

1228 CUUGAAGC CUGAUGA X GAA AGGGUGCA 

1229 GAUUCUUG CUGAUGA X GAA AGCAAGGG 

1230 UGAUUCUU CUGAUGA X GAA AAGCAAGG 
1237 AGCCUCCU CUGAUGA X GAA AUUCUUGA 

1292 CCAGCUGA CUGAUGA X GAA AGGCAGCG 

1293 CCCAGCUG CUGAUGA X GAA AAGGCAGC 

1294 ACCCAGCU CUGAUGA X GAA AAAGGCAG 
1303 CUACCGUA CUGAUGA X GAA ACCCAGCU 
1305 CCCUACCG CUGAUGA X GAA AUACCCAG 
131 ° GACGUCCC CUGAUGA X GAA ACCGUAUA 

1318 CACAGUUG CUGAUGA X GAA ACGUCCCU 1082 

1331 AGGUUUCC CUGAUGA X GAA AUCUCACA iam 

1348 UCUAAGCA CUGAUGA X GAA ACCGCAGC 1084 

1353 UCUUGUCU CUGAUGA X GAA AGCAGACC 1Q65 

1354 GUCUUGUC CUGAUGA X GAA AAGCAGAC Z 
1372 GUAACGCA CUGAUGA X GAA ACACAGCA 1Q87 

378 ACCUAUGU CUGAUGA X GAA ACGCAGAC 1088 

1379 GACCUAUG CUGAUGA X GAA AACGCAGA 1089 

1383 UGGAGACC CUGAUGA X GAA AUGUAACG 10 go 

1387 AACCUGGA CUGAUGA X GAA ACCUAUGU 1091 

1389 AAAACCUG CUGAUGA X GAA AGACCUAU 1092 

1395 UUGAUCAA CUGAUGA X GAA ACCUGGAG 1093 

1398 UUUGAUCA CUGAUGA X GAA AACCUGGA 1094 

1397 AUUUGAUC CUGAUGA X GAA AAACCUGG 1095 

1401 GACCAUUU CUGAUGA X GAA AUCAAAAC 10 96 

1409 CGACACGG CUGAUGA X GAA ACCAUUUG 1007 

1418 UAUAAGAC CUGAUGA X GAA ACACGGGA inoa 

1419 CUCUAUAA CUGAUGA X GAA ACGACACG ion 
142 ^ CGCUCUAU CUGAUGA X GAA AGACGACA 
1 422 UCGCUCUA CUGAUGA X GAA AAGACGAC 
1424 UAUCGCUC CUGAUGA X GAA AUAAGACG 
I 432 CGUUCUCC CUGAUGA X GAA AUCGCUCU 
1444 CACAGACC CUGAUGA X GAA ACACGUUC 
1448 ACACCACA CUGAUGA X GAA ACCAACAC 

1487 AACAAAGC CUGAUGA X GAA ACACCACA 

1481 UAAAAACA CUGAUGA X GAA AGCUACAC 

1 482 AUAAAAAC CUGAUGA X GAA AAGCUACA 

1488 AAAAUAAA CUGAUGA X GAA ACAAAGCU 
1488 CAAAAUAA CUGAUGA X GAA AACAAAGC 

1487 ACAAAAUA CUGAUGA X GAA AAACAAAG 

1 488 UACAAAAU CUGAUGA X GAA AAAACAAA 

1 489 AUACAAAA CUGAUGA X GAA AAAAACAA 
1 47 ^ AAAUACAA CUGAUGA X GAA AUAAAAAC 

1 472 AAAAUACA CUGAUGA X GAA AAUAAAAA 

1473 AAAAAUAC CUGAUGA X GAA AAAUAAAA , D 
* 478 CAGAAAAA CUGAUGA X GAA ACAAAAUA 1117 
1478 AGCAGAAA CUGAUGA X GAA AUACAAAA 1 t 18 



1100 

1101 

1102 

1103 

1104 

1105 

1106 

1107 

1108 

1109 

1110 

1111 

1112 

1113 

1114 

1115 

1116 
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Position 



1119 
1120 
1121 
1122 



147 9 AAGCAGAA CUGAUGA X GAA AAUACAAA 

1480 AAAGCAGA CUGAUGA X GAA AAAUACAA 

1481 CAAAGCAG CUGAUGA X GAA AAAAUACA 

1482 UCAAAGCA CUGAUGA X GAA AAAAAUAC , ,^ 
1487 GUACAUCA CUGAUGA X GAA AGCAGAAA 1 193 
148 « UGUACAUC CUGAUGA X GAA AAGCAGAA 1 04 
14 ^ ACAGGUUG CUGAUGA X GAA ACAUCAAA 1 125 
1 546 AGACAAAG CUGAUGA X GAA ACGGCAUG 1 126 
154 * GACAGACA CUGAUGA X GAA AGUACGGC 1127 
1 550 CGACAGAC CUGAUGA X GAA AAGUACGG 
1 553 C AGCGACA CUGAUGA X GAA ACAAAGUA 
1 557 CCGCCAGC CUGAUGA X GAA ACAGACAA 

157 1 CAUACCGA CUGAUGA X GAA ACACACCG 

1572 ACAUACCG CUGAUGA X GAA AACACACC 

157 3 AACAUACC CUGAUGA X GAA AAACACAC 

1577 AAAUAACA CUGAUGA X GAA ACCGAAAC 1 134 

1581 ACUCAAAU CUGAUGA X GAA ACAUACCG 1 135 

1582 AACUCAAA CUGAUGA X GAA AACAUACC 1 136 
]5W GCAACUCA CUGAUGA X GAA AUAACAUA 1 137 
1 585 AGCAACUC CUGAUGA X GAA AAUAACAU 1138 
]590 AUCUGAGC CUGAUGA X GAA ACUCAAAU 1 139 
15 W ACAGAUCU CUGAUGA X GAA AGCAACUC 1140 
15 99 UUUUAACA CUGAUGA X GAA AUCUGAGC 1 141 
16 °3 UUUUUUUU CUGAUGA X GAA ACAGAUCU 1 142 
1804 UUUUUUUU CUGAUGA X GAA AACAGAUC 1 143 

Where "X" represents stem II region of a HH ribozyme (Henel et al., 1992 Nucleic Acids Res 20 
3252). The length of stem 11 may be * 2 base-pairs. 



1128 
1129 
1130 
1131 
1132 
1133 
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Table DC 

Table FX: Cleavage of D elta-9 Desaturase RNA by HH Ribozymes 

Percent Cleaved 
20°C 26°C 



uIm ruaiuuu 


1 A min 


izu nun 


lOmin 


120 min 


183 


6.3 


7.0 


10.45 


11.8 


252 


25.2 


51.2 


33.1 


52.9 


259 


20.3 


41.3 


24.8 


44.0 


271 


17.2 


52.4 


21.5 


56.3 


278 


9.9 


25.7 


13.3 


33.6 


307 


10.3 


24.2 


9.2 


32.4 


313 


16.9 


43.0 


23.8 


53.4 


320 


10.6 


23.6 


15.0 


31.3 


326 


5.7 


14.6 


8.0 


17.1 


338 


10.0 


17.5 


10.4 


12.9 


353 


10.2 


11.3 


10.7 


14.7 


390 


8.6 


8.9 


7.8 


9.8 


419 


6.3 


10.1 


5.8 


10.9 


453 


7.3 


29.0 


8.0 


33.8 


484 


7.8 


28.9 


6.9 


29.2 


545 


4.8 


8.5 


3.6 


8.9 


773 


4.5 


11.5 


4.4 


8.9 


1024 


11.9 


17.1 


13.3 


23.8 


1026 


11.6 


12.6 


13.1 


17.2 


1237 


23.1 


32.4 


13.8 


28.6 
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TABLE X: 



Construct 
Number 


Targets Blasted 


Isolates Recovered 


Greenhouse Lines 


Plants Produced 


RPA85 


\ 231 


70 


13 


161 


RPA113 


292 


82 


9 


L 116 


RPA114 


244 


35 


12 


152 


RPA115 


285 


42 


11 


165 


RPA118 


268 


38 


10 


125 


RPA119 


301 


67 


11 


135 


Totals 


1621 


334 


66 


854 | 
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Table XI Stearic acid levels in leaves from plants transformed with active and inactive 
ribozymes compared to control leaves. 



Stearic Acid in 1 
(Percentage 


Leaves Transformed with Active and Inactive Ribozvmes 
of total plants with certain levels of leaf stearic acid) 




Ribozyme Actives 

(428 plants 
from 35 lines) 


Ribozyme 
Inactives 
(406 plants 
from 31 lines) 


Controls 
(122 plants) 


>3% 
>5% 
> 10% 


7% 
2% 
0 


3% 
0 
0 


^ 2% 
0 
0 
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Table XII Inheritance of the high stearic acid trait in leaves from crosses 
acid plants. 



Inherit 


ance of high stearate in leaves. 


Cross 


Rl Plants with 

Normal 
Leaf Stearate 


Rl Plants with 

High 
Leaf Stearate 


% of Plants with 
High Stearate 


RPA85-15.06X 

RPA85-15.12 

RPA85-1 5.07 self 

RPA85-15.10self 

OQ414xRPA85-15.06 

OQ414xRPA85-15.11 


6 

5 
8 
5 
6 


3 

5 
2 
3 
4 


33% 

50% 
20% 
38% 
40% 
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Table XIII Comparison of fatty acid composition of embryogenic callus, somatic 
embryos and zygotic embryos. 



1 ice 1 1 P lliflynF 1t^o#iao 

1 u5UC SDwur lTlcQIn 

Treatment 


Fatty Acid Composition 


% Lipid 
of Fresh 




C16:0 


C18:0 


C18.1 


C18:2 


C18:3 


Weight 


embryogenic callus 


19.4 
+/- 
0.9 


1.1 
+/- 
0.1 


6.2 
+/- 
2.0 


55.7 

+/- 
3.1 


8.8 
+/- 
2.0 


0.4 

+ /- 
0.1 


on 

MS + 6% sucrose + 10 
mM ABA 


12.6 


1.6 


18.2 


60.7 


1.9 


4.0 


+/- ! 

0.7 


+/- 
0.8 


+/- 
4.9 


+/- 
5.1 


+/- 
0.3 


+/- 
1.1 


12 days after 
pollination 


14.5 
*/- 
0.4 


1.1 
+/- 
0.1 


18.5 
+/- 
1.0 


60.2 
+/- 
1.5 


1.4 
+/- 
0.2 


3.9 
+ /- 
0.6 
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Table XIV: GBSS activity, amylose content, and Southern analysis results of selected Ribozyme Lin- 



Une 


GBSS activity 


Amylose Content 


Southern 






(Units/mg starch) 


(%) 




RPA63 


.0283 


321.5 ± 31.2 


23.3 ± 0.5 




RPA63 


.0236 


314.6 ±9.2 


27.4 ± 0.3 




RPA63 


.0219 


299.8 ± 10.4 


21.5 ± 0.3 




RPA63 


.0314 


440.4 ± 17.1 


19.1 ± 0.8 




RPA63 


.0316 


346.5 ± 8.5 


17.9 ±0.5 




RPA63 


.0311 


301.5 ± 17.4 


19.5 ± 0.4 




RPA63 


.0309 


264.7 ± 19 


21.7 ± 0.1 


+ 


RPA63 


.0218 


190.8 ±7.8 


21.0 ± 0.3 


+ 


RPA63 


.0209 


203 ± 2.4 


22 . 6 ± 0.6 


+ 


RPA63 


. 0306 


368.2 ± 7.5 


19.0 ± 0.4 




RPA63 


.0210 


195.1 ± 7 


22.1 ± 0.2 


+ 
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Claims 

I. An enzymatic nucleic acid molecule with rna cleaving ac .iv„y „•„ 
nucletc acid molecule modula.es the expression of, plan, e cne. 

2 nu °" ic ** **** or ctaim '• *~ - *- - ■ 

6 ssssr " of cwm 1 • ** - — - * ■» • 

nucleic acid configuration. Kwasep 

' « T' ^ ^ ° f ^ ° f ChiTO '•«• *«' nucleic acid 

compnses beiween ,2 and ,00 bases complement ,o RNA of said gt 

10. The enzymatic »«, ^ of My „ f ^ 

compnaes between ,4 and 24 bases complementary ,„ rn a of Mjd 

< I. - nucteic acid of cWm 6. wherein aaid hammemead comprise a 

stem II regron of length greater dun on equal ,o two base.pairs. P 

12 The enzynudc nucleic acid of claim 7, wherein said hairpin comprises a stem II 
regron of lengm berween three and seven base-pairs. 
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13. The en^atic nucleic acid of claim 7. wherein said hairpin comprises a stem IV 
reg.on of length greater than or equal to two base-pairs 

14. The enzymatic nucleic acid of claim 2 wherein «,w 

5 15 ' zr™* nucleic acid of c,aim } - whcrem ^ i. ^ 

from . group conatstmg of c^,., wmW . saffl ' ' 

ol.ve,s«ame,cuph e a,n«,jojoblandgn.p e . »»•»'">". Peanut. 

16- Tlie en2ymstic nucleic acid of claim 1 wherrin nu 

biosynthesis in said plant. ' ' ^ " " ac ' d 

10 17. The enzymatic nucleic acid of claim 16. wherein said gene is A-9 desaturase. 

selected from a group conststing of maize, canola, flax, sunflower cotton 
peanuts, safflower, soybean and rice. sunflower, cotton, 

19. The enzymatic nucleic acid of claim 1 wherein 

15 biosynthesis in said plant. " ' S UW0,Vid in starch 

20. The enzymatic nucleic acid of claim 1 9 wherein „- 

synthase. ' d gene ,s granu,c «arch 

21. The enzymatic nucleic acid of any of claims io n ,-m , 

^^^^JJZZZZZZ? p,an ' is 

23. Tie ereymafc nucleic acjd of c]ajm _ 

.roup of T-medty^oaine and 3. methy , tj^. ^ 3 

24. 1TK eozymatjc nucleic acid of any of claims 22 or 23 wn .„. , . . , 

25 coffee plant. "Herein said plant u a 

25. file enzymatic nucleic acid of claim I wherein ...m 

production in aaid ptat. ' " mv< "«" » "«,i„e 
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26. The enzymatic nucleic acid of claim 25. wherein said gene is selected from a 
group consisting of tf-methylputrescine oxidase and putrescine .V-methyl 
transferase. 

27. The enzymatic nucleic acid of any of claims 25 or 26, wherein said plan, is a 
tobacco plant. 

28. The enzymatic nucleic acid of claim I, wherein said gene is involved in fruit 
ripening process in said plant. 

29. The enzymatic nucleic acid of claim 28, wherein said gene is selected from a 
group cons.sting of ethylene-forming enzyme, pectin methyl transferase, pectin 
esterase, polygalacturonase, 1-aminocyclopropane carboxylic acid (ACC) 
synthase, and ACC oxidase. 

30. The enzymatic nucleic acid of any of claims 28 or 29, wherein said plant is 
selected from a group consisting of apple, tomato, pear, plum and peach. 

31. The enzymatic nucleic acid of claim 1, wherein said gene is involved in flower 
15 pigmentation in said plant. 

32. The enzymatic nucleic acid of claim 31, wherein said gene is selected from a 
group consisting of chaicone synthase, chalcone flavanone isomerase 
phenylalanme ammonia lyase, dehydroflavonol hydroxylases, and 
dehydroflavonol reductase. 

33. The enzymatic nucleic acid of any of claims 31 or 32, wherein said plant is 
selected from a group consisting of rose, petunia, chrysanthamum. and marigold. 

34. The enzymatic nucleic acid of claim 1, wherein said gene is involved in lignin 
production in said plant. 

35. The enzymatic nucleic acid of claim 34, wherein said gene is selected from a 
group consisting of O-methyltransferase. cinnamoyl-CoA.NADPH reductase 
and cinnamoyl alcohol dehydrogenase. 

36. The enzymatic nucleic acid of any of claims 34 or 35, wherein said plant is 
selected from a group consisting of tobacco, aspen, poplar, and pine. 



20 



25 
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37. A nucleic acid fragment comprising a cDNA sequence coding for maize A-9 
desaturase, wherein said sequence is represented by the sequence I.D. No. I. 

38. The enzymatic nucleic acid molecule of claim 17. wherein said nucleic acid 
specially cleaves any of sequences defined in Tabic VI. wherein said nucleic 

» acid is in a hammerhead configuration. 

39. The enzymatic nucleic acid molecule of claim 17. wherein sa.d nucleic acid 
specially cleaves any of sequences defined in Table VIII. wherein said nucleic 
acid is in a hairpin configuration. 

40. The enzymatic nucleic acid molecule of any of claims 38 or 39, consisting 
wZw f ° M ^ m ° re SCqUCnCeS SC,eCted ^ ^ 8r ° UP Sh ° Wn in Tab,es 

41. The enzymatic nucleic acid molecule of claim 20, wherein said nucleic acid 
specfieally cleaves any of sequences defined in Table IIIA, wherein said nucleic 
acid is m a hammerhead configuration. 

42. The enzymatic nucleic acid molecule of claim 20, wherein said nucleic acid 
specially cleaves any of sequences defined in Tables VA and VB, wherein said 
nucleic acid is in a hairpin configuration. 

43. The enzymatic nucleic acid molecule of any of claims 41 or 42, consisting 
I^VA^ m0rc ~ SClCCted fr ° m *• 8TOUP *™ * ™- 

44. The enzymatic nucleic acid molecule of claim 41, consisting essentially of 
sequences defined as any of SEQ. I.D. NOS. 2-24. 

45. A plant cell comprising the enzymatic nucleic acid molecule of any of claims 1-8 
11-17, 19-20,22-23.25-26,28-29,31-32,34-35,37-39, 4M2or44. 

46. A mmsgenic plant and the progeny thereof, comprising the enzymatic nucleic 
acd molecule of any of claims 1-8, 11-17, 19-20,22-23,25-26,28-29 31-32 34 
35,37-39, 41-42 or 44. * 

47. An expression vector comprising nucleic acid encoding the enzymatic nucleic acid 
molecule of any of claims 1-8. 11-17, 19-20, 22-23, 25-26, 28-29, 31-32, 34-35, 



15 



25 
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37-39, 41-42 or 44, in a manner which allows expression and/or delivery of that 
enzymatic nucleic acid molecule within a plant cell. 

48. An expression vector comprising nucleic acid encoding a plurality of enzymatic 
nucleic acid molecules of any of claims 1-8, 11-17. 19-20. 22-23 25-26 28 29 
31-32, 34 35 , 37-39, 41-42 or 44, in a manner which a,low S ^ ^ 
delivery of said enzymatic nucleic acid molecules within a plant cell. 

49. A plant cell comprising the expression vector of claim 47. 

50. A plant cell comprising the expression vector of claim 48. 

51. ^nsgenic plant and the progeny thereof, comprising the expression vector of 

52. A^nsgenic plant and the progeny thereof, comprising the expression vector of 

53. A plant cell comprising the enzymatic nucleic acid of any of claims 16or 17. 

54. The plant cell of claim 53, wherein said cell is a maize cell. 

55. The plant cell of claim 53, wherein said cell is a canola cell. 

^^' ic P,4nt » d * e *«eof of claim 56. whemh ai d pUm - a . 

59. A plan, ceU coaming *, nucleic Mjd of my of ^ ^ ^ 

60. He plant cell of claim 59, wherein said cell is a maize cell. 

61. A nansgenic plant w> me proge^, ^ comprisi 
acid of any of claims 1 9 or 20. 
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rir p Tant niC P,am Pr ° 8Cny ,hCrCOf ° f C ' aim 6U W ' ,Crein Mid P' ant is a 

61 r moduia,,n8 ° f - ^ - ■ ■*« by » 

said plant the enzymatic nucleic acid molecule ofany of claims 1-8. 

64. The method of claim 63, wherein said plant is a monocoi plant. 

65. The method of claim 63. wherein said plant is a dicot plant. 

66. The method of claim 63, wherein said plant is a gymnosperm. 

67. The method of claim 63, wherein said plant is an angiosperm. 

68. The method of claim 63, wherein said gene is A-9 desaturase. 

69. The method of claim 68, wherein said plant is a maize plant. 

70. The method of claim 68, wherein said plant is a canola plant. 

71. The method of claim 63, wherein said gene is granule bound starch synthase. 

72. The method of claim 71, wherein said plant is a maize plant. 

73. The expression vector of claim 47, wherein said vector comprises: 

a) a transcription initiation region; 

b) a transcription termination region; 

c) a gene encoding at least one said enzymatic nucleic acid molecule; and, 

wherein .aid gene is operably linJced to said initiation region and said termination 
regum, m a manner which allows expression and/or delivery of said enzymatic 
molecule within said plant cell. enzymatic 

74. The expression vector of claim 47. wherein said vector comprises: 

a) a transcription initiation region; 

b) a transcription termination region; 
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c) an open reading frame; 

d) a gene encoding at least one said enzymatic nucleic acid molecule, wherein said 
gene is operably linked to the 3'-end of said open reading frame; and, 

wherein said gene is operably linked to said initiation region, said open reading 
5 frame and sa.d termination region, in a manner which allows expression and/or 

delivery of said enzymatic molecule within said plant cell. 

75. The expression vector of claim 47, wherein said vector comprises: 

a) a transcription initiation region; 

b) a transcription termination region; 
!0 c) an intron; 

d) a gene encoding at least one said enzymatic nucleic acid molecule; and, 

wherein said gene is operably linked to said initiation region, said intron and said 
termination region, in a manner which allows expression and/or delivery of said 
enzymatic molecule within said plant cell. 

15 76. The expression vector ofclaim 47, wherein said vector comprises: 

a) a transcription initiation region; 

b) a transcription termination region; 

c) an intron; 

d) an open reading frame; 



20 



e) a gene encoding at least one said enzymatic nucleic acid molecule, wherein said 
gene is operably linked to the 3'-end of said open reading frame; and.wherein said 
gene , s operably linked to said initiation region, said intron, said open reading 
frame and said termination region, in a manner which allows expression and/or 
delivery of said enzymatic molecule within said plant cell. 
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77. The enzymatic nucleic acid of Claim I, wherein said plant is selected from the 
group consisting of maize, rice, soybeans, canola, alfalfa, cotton, wheat, barley 
sunflower, flax and peanuts. 

78. A transgenic plant comprising nucleic acids encoding for an enzymatic nucleic 
acd molecule with RNA cleaving activity, wherein said nucleic acid molecule 
modulates the expression of a gene in said plant . 

79. The transgenic plant of Claim 78, wherein said Plant is selected from the group 
consisting of maize, rice, soybeans, canola, alfalfa, cotton, wheat barley 
sunflower, flax and peanuts. 

80. The transgenic plant of Claim 78, wherein said gene is granule bound starch 
synthase (GBSS). 

81. The transgenic plant of Claim 78, wherein said gene is delta 9 desaturase. 

82. The transgenic plant of Claim 78, wherein the plant is transformed with 

Agrobacteriurn. bombarding with DNA coated microprojectiles, whiskers, or 
electroporation. 

83. The transgenic plant of Claim 82, wherein said bombarding with DNA coated 
microprojectiles is done with the gene gun. 

The transgenic plant of any of Claims 78 or 82, wherein said plant contains a 
selectable marker selected from the group consisting of chlorosulftmm, 
hygromycin, bar gene, bromoxynil, and kanamycin and the like. 

The transgenic plant of any of Claims 78 or 82, wherein said nucleic acid is 
operably linked to a promoter selected from the group consisting of octopine 
synthetase, the nopaline synthase, the manopine synthetase, cauliflower mosaic 
virus (35S); ribulose-1, 6-biphosphate (RUBP) carboxylase small subunit (ssu) 
the beta-conglycinin, the phaseolin promoter, napin, gamma zein, globulin, the 
ADH promoter, heat-shock, actin, and ubiquitin. 

86. The transgenic plant of Claim 78, said enzymatic nucleic acid molecule is in a 
hammerhead, hairpin, hepatitis A virus, group I intron, group II intron, VS 
nucleic acid or RNaseP nucleic acid configuration 



84. 



85. 
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87. The transgenic plant of Claim 86, wherein said enzymatic nucleic acid with RNA 
cleaving activity encoded as a monomer. 

88. The transgenic plant of Claim 86, wherein said enzymatic nucleic acid with RNA 
cleaving activity encoded as a multimcr. 

89. The transgenic plant of Claim 78, wherein the nucleic acids encoding lor said 
enzymattc nucleic acid molecule with RNA cleaving activity is opcrably linked 
to the 3* end of an open reading frame. 

90. The transgenic plant of Claim 78, wherein said gene is an endogenous gene. 

91. A transgenic maize plant comprising in the 5' to 3' direction of transcription: 

a promoter functional in said plant; 

a double strand DNA (dsDNA) sequence encoding for a delta 9 gene of 
SEQ ID. No. 1, wherein transcribed strand of said dsDNA is 
complementary to RNA endogenous to said plant; and 

a termination region functional in said plant. 

92. A transgenic maize plant comprising in the 5' to 3' direction of transcription, 
a promoter functional in said plant; 

a double smmd DNA (dsDNA) sequence encoding for a granule bound starch 

(GBSS) ^ ° f SEQ ^ N °- 25 ' transcribed strand of said 

,s complementary to RNA endogenous to said plant; and 

a termination region functional in said plant 

93. The enzymatic nucleic acid molecule of claim 1, wherein said gene is an 
endogenous gene. 

94. The method of modulating expression of a gene of claim 63, wherein siad gene is 
an endogenous gene. * 

95. The vector of Figure 42, wherein said vector is employed for transformation of 
a plant cell. 
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figure 10 

1 

Figure 10: Delta-9 Desaturase cDNA Sequence (Seq. ID. Na 1) 

■ S flfji ffnre Range: 1 to 1621 

5 10 15 20 25 30 35 40 45 SO 55 60 
****** 

Or A CGCGC C CJCTO003CT TOITOSnOC T ajUULUUL ' CA0CAG3CAC OOXfCPC 

65 70 75 80 85 90 95 100 105 110 115 120 
****** 

atoocaatct asoGfioooa faxaaas tctboboobs amma: oB orcn aos 

125 130 135 140 145 150 155 160 165 170 
* * * * * 

ocicoocnc ocMroarr ocacg AraoccCTcarcciCAACGACGicaaG 

Met Ala Leu Arg Leu Asn Asp Val Ala> 

175 180 185 190 135 200 205 210 215 220 
***** 

cic toc crc toc oos ace cic oac oac arc ax arc arc arc agc agc 

I^C^I^SerProProl45uAlaAlaArgArgArgArgA^ Ser> 



225 230 235 240 245 250 255 260 265 
* * * * 

arc aos tic gic oac gic oac toc ato aos toc arc gic toc adc aag 

GlyArgltaeV^AlaV^AlaSerltetThrSerAlaV^SerTta Lys> 

270 275 280 285 290 295 300 305 310 31S 

* * * * * 

GTC GAG AAT AAG AAG OCA TTT OCT OCT OCA AGS GAG OTA OT QIC OD 
Val Glu Asa Lys Lys Pro Ike Ala Pro Pro Arg Glu Val His Vhl Gln> 

320 325 330 335 340 345 350 355 360 
***** 

GIT ACA CAT TCA ATO OA OCT CAC AAG ATT GAA ATT TIC AAG TOG CIT 
Val Tbac His Ser Met Pro Fro His Lys lie Glu lie Pfae Lys Ser Leu> 

365 370 375 380 385 390 395 400 405 410 
* * * * * 

GAT GAT TOG GCT AGA GAT AAT A2C TIG AGS QT CIC AAG OCA GIC GAG 
Asp Asp Tcp Ala Arg Asp Asn Ue Leu Tfar His Leu Lys Pro Val Glu> 

415 420 425 430 435 440 445 450 455 460 
***** 

AAG TOT TOG OG OCA QG GAT TIC CIC GOG GAC COi GCA TOT GAA GGA 
Lys Cys Trp Gin Pro Gin Asp Ibe Leu Pro Asp Pro Ala Ser Glu Gly> 

465 470 475 480 485 490 495 500 505 
* * * * 

TIT CAT GAT GAA GIT AAG GAG CIC AGA GAA OGT GOC AAG GAA AIC OCT 
Vbe His Asp Glu Val lys Glu Leu Arg Glu Arg Ala Lys Glu lie Pro 
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510 515 



520 

* 



525 



530 

* 



535 



540 



545 550 555 



GRX GAT TAT TTT GTT TGT TIG GIG GGA GAC ATG ATT AX GAG GAA GCT 
Asp Asp Tyr Pbe Val Cys Leu Val Gly Asp Met He Bar Glu Glu A la> 



560 565 570 575 



580 



585 



590 

* 



595 



600 
* 



CIA CCA. ACA TAC CAG ACT ATG CIT AAC AOC CSC GAC GGT GIC AGA GAT 
Lei Pro Bar Tyr Gin Bar Met Leu Asa Oar Leu Asp Gly Val Atg Asp> 



605 



610 
* 



615 



620 



625 



630 

* 



635 



640 645 650 
* * 

GAG ACA GGT GCA AGC CCC ACT Q0C T33 GCT GTT TGG AOS AGS GCA TGG 
^BarGlyAlaSerProBarAlaTrpAlaValTrpBarArgAla Trp> 



655 



660 
* 



665 



670 
* 



675 



680 

* 



685 690 



695 



700 

* * 

ACT GCT GAG GAG AAC AGS CAT GGT GAT CT3 CIC AAC AAG TAT ATS TAC 
^AlaGluGluAsnArgHisGlyAspIeuLeuAsnLysTyrMet Tyr> 

705 710 715 720 725 730 735 740 745 
* • * * 

^^SP^^^^^^ATTGAGAAGACAATrCAGTAT 
Leu Bar Gly Azg val Asp Met Ary Gin lie Glu Lys Bar lie Gin Tyr> 

750 

* 



755 760 765 770 775 



785 790 795 



780 

* * 

CTT ATT GQC TCT GGA ATG GAT OCT AGS ACT GAG AAT AAT OCT TAT CTT 
Leu lie Gly Ser Gly Met Asp Pro Azg Bar Glu Asn Asn Pro Tyr Leu> 



800 80S 810 815 



820 

* 



825 



830 
* 



835 840 



GlyftelleTyrBarSerPlieGlnGluArgAlaBBraielleSer His> 



845 850 855 860 865 870 875 



880 



885 890 



^^^^ OT ^ OT ^ MOT< ^<^T1AAAGCITGCA 
GlyAsnBarAlaAzgHisAlaLysAspfteGlyAspLaiLysLeu Ala> 

895 900 905 910 915 920 925 930 935 940 

~* * * * * * 

CAA ATC TSC GQC ATC ATC GCC TCA GAT GAG AAG GGA CAT GAA ACT 60S 

Gin lie Cys Gly ne lie Ala Ser Asp Glu Lys Arg His Glu Tar Ala> 

945 950 955 960 965 970 975 980 985 
* . * * • 

TJIC AOC AAG ATC GIG GAG AAG CTG TTT GAG ATC GAC OCT GAT GGT AOC 
lyr Bar Lys ne Val Glu Lys Leu Phe Glu lie Asp Pro Asp Gly Bar> 



990 995 1000 1005 1010 1015 1020 



1035 



1025 1030 

* ♦ * * 

Val Val Ala Leu Ala Asp Met Met Arg Lys Lys lie Ser Mat Pro 5a> 



WO 97/10328 



12/44 

3 



PCT/US96/U689 



1040 1045 1050 1055 1060 1065 1070 1075 1080 

* * # • * 

OC CIG A3G" TIT GAC QQS CAG GAC GAC AAG CTG TIC GAG CAC TIC TOC 
His Leu Met Phe Asp Gly Gin Asp Asp Lys Leu Phe Glu His Hie Ser> 

1085 1090 1095 1100 1105 1110 1115 1120 1125 113 0 
* * * * * 

A1G GIC GOG QG AGS CTT GGC GTT TPC ADC GOC AGG GAC TOC GOC GAC 
Met \fal Ala Gin Arg Leu Gly Val Tyr Thr Ala Arg Asp Tyr Ala Asp> 

1135 1140 1145 1150 1155 1160 1165 1170 1175 1180 
* * * * * 

A3C CIC GAG TIC CIC GIC GAC AGG TOG AAG GIG GOG AGC CIG ACT GGT 
lie Leu Glu HseLeuM Asp Arg Trp lys Val Ala Ser Lai Tbr Gly> 

1185 1190 1195 1200 1205 1210 1215 1220 1225 
* * * * 

CIG TOG GGT GAA GGS AAC AAG GOG CAG GAC TOC CIT TOC AOC CTT OCT 
I^u Ser Gly Glu Gly AsnLysAlaGlnAspTyrLeuCysnjrLeu Ala> 

1230 1235 1240 1245 1250 1255 1260 1265 1270 1275 
* * * # * 

TOl AGA A3C AGG AGG CT3 GAG GAG AGG GOC CPG AGC AG& GOC AAG AAA 
SerArglleArgArgLeuGluGluArgAlaGlnSerArgAlaLys Lys> 

1280 1285 1290 1295 1300 1305 1310 1315 1320 

* * * * . * 

GOC G3C AGG CTG OCT TIC AGC TOG OTA TPC GGT AGG GAC GIC GAA CIG 
AlaGlyttrLeuProEteSerTrpValiyrGlyArgAspValGln Leu> 

1325 1330 1335 1340 1345 1350 1355 1360 1365 1370 1375 1380 
****** 

TGAGAX OGGAAAOCTG CIQOQGICIG CITAGACAAG ACCIGCIGIG TCIQOSTO C 



1385 1390 1395 1400 1405 1410 1415 1420 1425 1430 1435 1440 
* * * * # * 

AraGGICTOC AGSmTGM CAAA1GGICC OGIGIOt ' ILT TAIAGAGOGA T3GGAGAA0G 

1445 1450 1455 1460 1465 1470 1475 1480 1485 1490 1495 1500 

* * * * * * 

TOITGSICIG TOGIGI»GCr TIGITTTZAT TTIGEAnTT TdGCTTIGA TOaCAAOCT 

1505 1510 1515 1520 1525 1530 1535 1540 1545 1550 1555 1560 

****** 

GIGQ003QT GAACIGGG3C GIGGAGATOG GAGQGAOCAT GOOGDOIT GICIGICGCr 

1565 1570 1575 1580 1585 1590 1595 1600 1605 1610 1615 1620 

* * * * * * 

GQOGSIGTOr TTOOCTATOT IMTTSAGIT GCTCAGA2CT GTDVAAAAAA AAAAAAAAM> 



WO 97/10328 



13/44 



PCT/US96/11689 




WO 97/10328 



14/44 



PCT/US96/11689 




WO 97/10328 



15/44 



PCT/US96/I1689 




WO 97/10328 



16/44 



PCT/US96/I1689 




WO 97/10328 



17/44 



PCTAJS96/11689 



Figure 15: Cleavage of A-9 Desaturase RNA by 

Ribozymes in vitro 
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[Ribozyme] = IjiM [Long Substrate] = -10 nM 
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Fig 20: Cleavage of Delta-9 RNA by Ribozymes 
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MM= Mul timer Rz 
SI= Spliced Intron Transcript 
BAR= RZ at 3' end ORF of BAR 
5016= 5* minimal leader, 3' intron 



[Long Substrate] = 10 nM; (Ribozyme) = 1 nM; Temperature - 26°C 
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Fig 21: Cleavage of Delta-9 RNA by Ribozymes 




MM= Multimer Rz 
SI= Spliced Intron Transcript 
BAR= RZ at 3' end ORF of BAR 
5016s 5' minimal leader, 3' intron 



(Long Substrate] = 10 nM; [Ribozyme] = 1 uM; Temperature = 37°C 
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Figure 24: Cleavage of Delta-9 DesaturaseRNA by Ribozymes 
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Ribozyme Mediated Reductions in GBSS mRNA 
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Figure Ribozyme Mediated Reductions in A9 mRNA in RPA85-06 Plants 
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Ribozyme mediated reductions in A9 mRNA in RPA85-15 Plants 
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mRNA levels in Inactive Ribozyme Trangenic Line 113-06 
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Figure 29 
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Leaf S tea rate RPA85-06 
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Figure 30 
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Leaf Stearate RP A 113-06 
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Figure 32 
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Leaf StearateRPAl 13-17 
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Figure 33 
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Leaf Stearate Controls 
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Inheritance of High Stearate Phenotype 
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OQ414 x RPA85-15 RPA85-15 x self or sib 
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Antisense stearate phenotype 
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Antisense effect on stearate 
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Figure 38 
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Antisense stearate effect 
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Antisense effect on amylose 
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Figure 41 
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Sequence of nucleotides 1-91: 



